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TO   MY  WIFE 

ELIZABETH   BORDEN 


PREFACE 

npHE  world-wide  interest  which  has  been  created  during  the 
last  few  years  in  the  relation  which  the  house-fly  bears  to  the 
hygienic  state  of  the  individual  and  of  the  community,  as  a 
product  of  insanitary  conditions  and  as  a  potential  and  not  in- 
frequent disseminator  of  certain  common  and  preventable  infec- 
tious diseases,  has  rendered  the  presentation  of  our  knowledge  of 
this  insect,  its  habits  and  relation  to  disease  most  desirable  and, 
indeed,  necessary  as  a  means  of  appreciating  its  significance  from 
the  entomological  and  medical  standpoint  and  as  a  basis  for 
further  investigation. 

In  1907,  1908  and  1909  respectively  the  three  parts  of  my 
monograph  on  the  House-fly  were  published  in  the  Quarterly 
Journal  of  Microscopical  Science  under  the  title  :  "  The  Structure, 
Development  and  Bionomics  of  the  House-fly,  Musca  domestica 
Linn."  For  the  convenience  of  workers  the  Manchester  University 
Press  very  kindly  republished  in  volume  form  two  hundred  copies 
of  the  letterpress  and  plates  of  the  monograph,  which  reprints 
Sir  Ray  Lankester,  the  Editor  of  the  Q.  J.  M.  S.,  permitted  me 
to  obtain.  With  a  certain  amount  of  additional  matter  in  the 
form  of  appendices  this  limited  edition  was  issued  in  1910  under 
the  title  :  "The  House-fly,  Musca  domestica  Linn.  A  Study  of  the 
Structure,  Development,  Bionomics  and  Economy."  This  reprint 
is  now  exhausted. 

Although  the  present  volume  contains  the  whole  of  the 
original  matter  published  in  the  Quarterly  Journal  of  Mic7^o- 
scopical  Science,  the  extent  of  subsequent  work  by  investigators 
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in  all  the  continents  has  necessitated  the  preparation  of  a  com- 
pletely new  work.  I  have  naturally  endeavoured  to  review  what- 
ever work  relating  to  the  house-fly  has  been  carried  on,  but  it  is 
not  unlikely,  in  fact,  with  the  multiplicity  of  scientific  journals, 
most  probable  that  some  contributions  to  our  knowledge  may 
have  escaped  my  notice  and  any  advice  in  regard  to  such  omis- 
sions would  be  most  cordially  appreciated. 

The  volume  is  not  intended  as  a  popular  treatise  on  the 
subject.  Such  a  function  is  filled  by  my  small  volume  "  House- 
flies  and  how  they  Spread  Disease  "  in  the  Cambridge  Manuals  of 
Science  and  Literature,  and  by  Dr  L.  O.  Howard's  book  "The 
House-fly :  Disease  Carrier."  It  is  primarily  intended  for  the  use 
of  entomologists,  medical  men,  health  officers  and  others  similarly 
engaged  or  interested  in  the  subject,  and  it  is  hoped  that  it  will 
be  of  value  to  students. 

I  w^ish  to  acknowledge  my  indebtedness  to  Mr  H.  T.  Giissow, 
who  took  the  photographs  illustrated  in  figs.  33,  72,  74,  and  to 
Mr  C.  T.  Brues,  of  Harvard  University,  for  the  use  of  the  original 
photograph,  fig.  36.  Mr  F.  W.  L.  Sladen  also  has  kindly  assisted 
me  by  taking  the  photographs,  figs.  32,  35,  70,  97.  Except  where 
it  is  otherwise  stated,  the  rest  of  the  illustrations  were  drawn 
by  me. 

C.   GORDON   HEWITT. 


Ottawa,  Canada, 
July,  1913. 
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PAET   I 

THE   STRUCTURE   AND   HABITS   OF 
THE   HOUSE-FLY 


CHAPTER   I 

INTKODUCTION 

Among  the  numerous  and  remarkable  advances  which  have 
been  made  in  the  realm  of  medical  science  within  the  last  two 
decades,  none  has  created  so  wide  a  public  interest,  none  has 
been  fraught  with  consequences  affecting  so  large  and  wide- 
spread a  proportion  of  the  world's  inhabitants,  and  destined  to 
affect  the  future  welfare  and  progress  of  mankind  to  so  great 
a  degi'ee,  as  the  gi'adual  discovery  of  the  role  which  insects 
play  in  the  dissemination  of  disease.  Malaria,  which  has  had 
a  far-reaching  effect  on  the  history  of  the  world  and  on  the 
immigration  of  the  white  man  into  new  regions  of  the  earth, 
and  which  in  India  alone  imposes  a  tax  of  over  a  million  human 
lives  each  year,  has  been  shown  to  be  conveyed  by  the  mosquito. 
Plague,  which  in  all  ages  has  created  terrific  devastation,  sweeping 
away  millions  of  lives,  transforming  populous  cities  into  deserted 
wildernesses,  was  found  to  be  transmitted  by  the  flea.  The 
"  black  sickness,"  or  Kala  Azar,  which  has  decimated  districts 
and  depopulated  areas  in  the  tropical  countries  where  it  occurs, 
has  been  found  to  be  due  to  a  parasitic  organism  which  can  be 
transmitted  by  the  bed-bug.  Sleeping  sickness,  which  numbers 
its  victims  by  the  hundred  thousand,  depends  for  its  distribu- 
tion upon  the  tse-tt  ^  fly.  Lice  have  been  shown  to  transmit  the 
causative  organism  o.^'  typhus  fever.  The  common  stable-fly  has 
been  shown  to  be  a  possible  disseminator  of  infantile  paralysis 
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2  INTRODUCTION 

or  poliomyelitis.  One  by  one  man's  parasitic  attendants  and 
blood-sucking  visitors  have  been  shown  to  be  potent  vehicles  of 
death.  Of  all  revelations  perhaps  none  affects  so  great  a  number 
of  people  in  all  countries,  both  by  its  significance  and  effects,  as 
the  demonstration  of  the  disease-carrying  power  of  the  common 
house-fly.  From  the  dark  ages  man  has  been  accustomed  to 
regard  his  ubiquitous  companion  in  his  wanderings  over  the  face 
of  the  globe,  not  only  with  a  marked  degree  of  tolerance,  but, 
if  the  rhymes  of  our  childhood  are  to  be  believed,  with  some 
measure  of  affection.  The  discovery,  therefore,  of  the  fact  that 
the  commonest  and  most  widely  distributed  insect  and  the  animal 
most  closely  associated  with  man  was  not  only  begotten  and  a 
frequenter  of  filth,  but  was  also  a  potent  and  common  carrier  of 
pathogenic  and  putrefactive  organisms,  excited  an  interest  in  the 
minds  of  a  larger  number  of  people  than  many  other  discoveries 
of  a  like  character  in  which  both  the  insect  and  the  disease  with 
which  it  was  associated  were  more  restricted  in  their  distribution 
and  affected  a  correspondingly  small  number  of  people. 

So  obsessed  were  people's  minds  with  the  idea  that  the 
house-fly  was  of  no  significance  in  relation  to  man's  welfare  that 
it  was  not  only  deemed  unworthy  of  serious  study,  but  when, 
as  a  result  of  close  study,  its  true  character  and  habits  were 
being  revealed,  the  results  of  such  studies  were  regarded  with 
considerable  surprise  and  scepticism.  The  story  of  the  gradual 
revelation  of  the  disease-carrying  powers  of  the  house-fly  is 
recorded  in  subsequent  chapters.  The  history  of  the  develop- 
ment of  our  knowledge  of  the  insect  itself,  its  structure,  habits 
and  life-history  is  noteworthy  on  account  of  our  long  continued 
ignorance  concerning  these  facts. 

Naturalists  of  all  ages  have  briefly  referred  to  the  habits  ant 
characteristics  of  the  house-fly.    Both  Reaumur  (1738)  and  De  Gee' 
(1758-78)  included  short  accounts  of  this  insect  in  theii'  classica 
memoirs,  but    they  contributed    little  to  our  knowledge   of  th> 
structure  or  development  of  the  fly. 

The  most  comprehensive  of  the  earlier  accounts  of  the  hou" 
fly  was  written  b}'  Gleichen  (1790)\     This  most  interesting  b 

1  This  is  the  diite  of  the  copy  of  this  rare  book  which  is  in  my  possession ;  t,]^ 
niay  have  been,  liowever,  an  earlier  edition  in  1766. 
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of  thirty-two  quarto  pages  is  illustrated  l)y  tour  \ery  sti'ikiiig 
coloured  plates  which  show  the  development  of  the  fly  and  struc- 
tural details,  hotii  external  and  intei-nal,  i>\'  ilic  Hy  and  larva 
(fig.   2).     The   author   gives  a  somewhat    ddailiMl  account    of  the 
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-iV  Fig.  2.     Kcprjduction  of  Plate  I  of  Gleichen's  Gc-schiclitc  dcr  <j,inciuc)i 

(  Stiiheiiiiit'ne,  1790. 
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habits  and  development  of  the  fly.  It  was  natural  that  he 
should  make  some  errors,  such  as  mistaking  the  brown  testes 
for  the  kidneys,  in  attempting  to  describe  the  anatomy  at  so 
early  a  date  of  our  knowledge  of  morphology  and  methods  of 
study.  Notwithstanding  these  limitations,  Gleichen's  was  still 
the  most  comprehensive  and  detailed  account  of  the  house-fly 
when  I  commenced  to  study  the  insect. 

A  short  popular  account  of  the  house-fly  was  published,  con- 
jointly with  that  of  the  earth-worm,  by  Samuelson  and  Hicks 
in  1860,  in  a  book  entitled  Humble  Creatures.  Though  inte- 
resting, the  account  is  very  superficial  and  contains  much  that 
is  inaccurate. 

In  1874  Packard  wrote  a  fairly  complete  account  of  the  de- 
velopmental history  of  the  house-fly  as  observed  in  Massachusetts, 
U.S.A.,  and  in  1880  Taschenberg  gave  a  good  popular  account 
of  the  insect  and  its  breeding  habits  in  his  Praktische  Tnsekten- 
kunde. 

Howard  gave  a  short  account  of  the  life-history  of  the  house- 
fly in  a  bulletin  on  household  insects,  published  in  1896  by  the 
United  States  Department  of  Agriculture,  and  he  gave  a  further 
account  in  1900,  in  a  valuable  paper  on  the  insect  fauna  of 
human  excrement.  Newstead,  in  1907,  gave  a  preliminary 
report  of  his  study  of  the  development  and  breeding-places  of 
the  house-fly  in  the  city  of  Liverpool,  and  a  second  report  was 
published  in  1909. 

Space  forbids  the  enumeration  of  the  countless  papers  and 
accounts  of  the  house-fly  which  have  been  wTitten  during  the 
past  two  or  three  years.  Some  of  these  contain  original  infor- 
mation, the  majority  of  them  do  not.  Of  recent  publications, 
Howard's  popular  book  on  the  house-fly  (1911)  should  be  men- 
tioned, not  only  as  being  a  complete  account  of  the  insect  and 
its  disease-carrying  powers,  but  because  it  contains  many  original 
observations^  Special  reference  should  be  made  to  the  valuable 
series  of  papers  published  in  connection  with  an  inquiry  carried  out 
by  the  Local  Government  Board  on  flies  as  carriers  of  infection. 

1  Since  the  above  lines  were  written  Graham-Smith  has  given  an  excellent 
account  of  the  disease-carrying  powers  of  the  non-blood-sucking  flies  in  his  Fliea 
and  I)isca!<e  (1913);    see  Bibliography. 
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This  investigation  has  been  the  most  complete  organised  study 
of  the  fly  as  a  vector  of  micro-organisms  that  has  yet  been 
made,  and  in  the  subsequent  pages  I  have  made  full  use  of  the 
contents  of  the  five  reports  which  have  appeared  n])  to  the  time 
of  writing  ^ 

Mv  own  studies  were  beyun  in  1U05,  at  wliieh  time  no  com- 
plete  studv  of  the  anatomy  or  cle\elopment  of  the  house-fly  had 
been  matle,.  and  the  gradual  realisation  of  the  economic  status 
of  the  fly  made  such  a  study  not  only  desirable  but  necessary  in 
view  of  our  profound  ignorance  on  the  subject.  A  preliminary 
account  of  the  life-history  was  published  in  1906.  In  the 
following  year  (1907)  a  detailed  account  of  the  anatomy  of  the 
fly  was  published,  this  being  the  first  part  of  a  monograph  on 
the  structure,  development  and  bionomics  of  Musca  domestica. 
The  second  part  of  this  monograph  was  published  in  1908  and 
gave  an  account  of  the  breeding-habits,  development  and  bio- 
nomics of  the  larva.  The  concluding  part  of  the  work  was 
published  in  1909,  and  in  it  were  described  the  bionomics  of  the 
house-fly,  its  allies  and  parasites  and  its  relation  to  human  disease. 

In  additi(m  to  the  investigations  which  I  have  continued 
since  that  date,  other  investigators  have  added  to  our  know- 
ledge of  the  bionomics  of  the  house-fly  with  the  result  that, 
although  our  knowledge  of  the  insect  cannot  be  said  to  be  com- 
plete, we  have  decreased  our  previous  unfortunate  ignorance  of 
the  commonest  insect  to  a  marked  degi'ee  and  have  furnished 
a  solid  basis  for  further  studies  along  particular  lines,  and  infor- 
mation necessary  to  a  consideration  of  the  means  of  control  and 
prevention. 

Description  of  Musca  domestica. 

Musca  domestica  was  first  described  in  1758  by  Linnaeus  in 

his  Systema  Naturae:  his  description  is  as  follows: 

"Antennis  plumatis  pilosa  nigra,  thorace  lineis  5  ol).soletis  abdominc 
iiitidulo  tessellato:  minor.  Habitat  in  Europe  domibus,  etiam  Americ-ae- 
Larvae  in  simo  equinae.     Pupae  parallele  cubantes." 

It  was  more  fully  described  by  Fabricius  in  his  Genera 
Insectorum. 

'  A  Further  Report,  No.  6,  has  appeared  since  the  above  was  written. 
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The  house-fly,  together  with  the  blow-fly  and  the  blood- 
sucking flies  Stomoxys  and  Glossina,  belongs  to  the  family 
Muscidae,  which  is  characterised  by  having  the  terminal  joint 
of  the  antenna,  the  arista,  always  combed  or  plumed,  and  by  the 
absence  of  large  bristles  or  macrochaetae  on  the  abdomen.  The 
Muscidae,  together  with  the  Anthomyidae  and  Tachinidae,  con- 
stitute the  group  Muscidae  calypteratae,  which  are  characterised 
by  the  possession  of  squamae,  small  lobes  at  the  bases  of  the 
wings  which  cover  the  halters.  In  the  acalyptrate  muscids  the 
squamae  are  absent  or  rudimentary.  These  two  groups  belong 
to  the  sub-order  Gyclorrhapha,  one  of  the  two  primary  divisions 
of  the  Diptera.  The  Gyclorrhapha  have  coarctate  pupae,  the 
pupal  case  being  formed  by  the  hardening  of  the  last  larval 
skin,  and  the  flies  escaping  through  a  circular  orifice  formed  by 
the  fly  pushing  off  the  end  of  the  pupa  by  means  of  an  inflated 
sac-like  organ — the  ptilinum  or  frontal  sac — which  is  after- 
wards withchawn  into  the  head,  its  presence  being  marked  by 
a  fi-ontal  crescentic  opening — the  lunule.  The  other  sub-order, 
the  Orthorrhapha,  have  obtected  pupae. 

The  most  complete  specific  description  of  Musca  doniestica 
has  been  given  by  Schiner  (1864),  of  which  the  following  is 
a  free  translation : 

"  Frons  of  male  occupying  a  fourth  part  of  the  breadth  of  the 
head.  Frontal  stripe  of  female  narrow  in  front,  so  broad  behind 
that  it  entire!}-  fills  up  the  width  of  the  frons.  The  dorsal 
region  of  the  thorax  dusty  gTey  in  colour,  with  four  equally 
broad  longitudinal  stripes.  Scutellum  gi'ey,  with  black  sides. 
The  light  regions  of  the  abdomen  yellowish,  transparent,  the 
darkest  parts  at  least  at  the  base  of  the  ventral  side  yellow. 
The  last  segment  and  a  dorsal  line  blackish  brown.  Seen  from 
behind  and  against  the  light  the  whole  abdomen  shimmering 
yellow,  and  only  on  each  side  of  the  dorsal  line  on  each  segment 
a  dull  transverse  band.  The  lower  part  of  the  face  silky  yellow, 
shot  with  blackish  brown.  Median  stripe  velvety  black.  Antennae 
broAvn.  Palpi  black.  Legs  blackish  brown.  Wings  tinged  with 
pale  grey,  with  yellowish  base.  The  female  has  a  broad  velvety 
black,  often  reddishly  shimmering  frontal  stripe,  which  is  not 
broader  at  the  anterior  end  than  the  bases  of  the  antennae,  but 
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becomes  so  very  much  broader  above  that  the  light  dustiness 
of  the  sides  is  entirelv  obliterated.  The  abdomen  gi-aduallv 
becoming  darker.  The  shimmering  areas  on  the  separate  seg- 
ments generally  bro^\^^ish.  All  the  other  parts  are  the  same  as 
in  the  male." 

The  mature  insects  measure  from  6  t(j  7  mm.  in  length  and 
fi'om  13  to  15  mm.  across  the  wings.  Frequently  dwarfed  speci- 
mens may  be  found,  normal  in  every  respect  but  size.  This  is  due, 
as  my  breeding  experiments  demonstrated,  to  advei-se  conditions 
during  the  larval  stage ;  starvati<ni  especially  tends  to  produce 
undersized  individuals. 


Distribution  of  Muse  a  domestic  a. 

Musca  domestica  is  undoubtedly  the  most  Avidely  distributed 
insect  to  be  found ;  the  animal  most  commonly  associated  with 
man,  whom  it  appears  to  have  followed  over  the  entire  globe. 
It  extends  from  the  sub-polar  regions,  where  Linnaeus  refers  to 
its  occuiTence  in  Lapland  and  Finmark  as  "  rara  avis  in  Lapponia, 
at  in  Finmarchia  Nonvegiae  integras  domos  fere  replet,"  to  the 
tropics,  where  it  occurs  in  enormous  numbers.  Referring  to  its 
abundance  in  a  house  near  Para  in  equatorial  Brazil,  Austen 
(1904)  says :  "At  the  mid-day  meal  they  swarmed  on  the  table 
in  almost  inconceivable  numbers,"  and  other  travellers  in  dif- 
ferent tropical  countries  have  related  similar  experiences  to  me, 
how  they  swarm  round  each  piece  of  food  as  it  is  carried  to 
the  mouth. 

In  the  civilised  and  populated  regions  of  the  world  it  occurs 
commonly,  and  the  British  Museum  (Natural  Histor}^)  collection 
and  my  own  contain  specimens  from  the  follo-wong  localities 
(certain  of  the  localities  have,  in  addition,  been  obtained  from 
lists  of  insect  faunas) : 

Asia.  Aden;  North- We.st  Provinces  (India);  Calcutta; 
Madras ;  Bombay  (it  probably  occurs  over  the  whole  of  India) ; 
Ceylon ;  Central  China  ;  Hong-Kong ;  Shanghai ;  Straits  Settle- 
ments; Japan. 

Africa.  Port  Said ;  Suez,  Eg}-pt ;  Somaliland ;  Nyassaland ; 
Uganda ;   British   E.  Africa :   Rhodesia ;   Transvaal ;   Natal ;   Cape 
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Colony;  Madagascar;  Northern  and  Southern  Nigeria;  St  Helena; 
Madeu-a. 

America.  Distributed  over  North  America;  Brazil;  Monte 
Video  (Uruguay) ;  Argentine ;  Valparaiso ;  West  Indies. 

Australia  and  New  Zealand. 

Europe  and  the  isles  of  the  Mediterranean  ;  it  is  especially 
common  in  Cyprus. 

Not  only  is  the  world-wide  distribution  of  the  house-fly  of 
interest  but  its  local  abundance,  which  will  be  considered  in 
a  subsequent  chapter  (p.  65),  is  noteworthy. 


CHAPTER   II 

THE   EXTERNAL   STRUCTURE   OF   MUSCA   DOMESTICA 

Previous  to  this  study  the  only  complete  account  which  has 
been  published  on  Muscid  anatomy  was  LoAvne's  comprehensive 
monograph  (1895)  on  the  blow-fly,  Calliphora  erythrocephala, 
which  is  an  elaboration  of  his  smaller  and  earlier  memoir 
(1870).  Not  only  are  many  of  Lowne's  conclusions  untenable, 
but  the  value  of  his  work  as  a  comparative  study  would  increase 
with  confirmation. 

The  Head  Capsule. 

The  head  capsule  of  M.  domestica  presents  great  modifica- 
tions when  compared  with  the  typical  insect  head.  Considerable 
difficulty  is  experienced  in  explaining  its  structure  in  the  morpho- 
logical terms  employed  in  the  simpler  orders  of  insects.  Lowne 
did  not  lessen  the  difficulty  in  describing  the  head  of  the  blow-fly 
by  the  invention  of  new  terms  of  little  morphological  value.  The 
head  of  the  fly  is  strongly  convex  in  front,  the  posterior  surface 
being  almost  flat  and  slightly  conical.  For  the  sake  of  clearness 
the  composition  of  the  head  capsule  will  be  described  from  behind 
forwards.  The  occipital  foramen  occupies  a  median  slightly  ventral 
position  on  the  posterior  surface.  It  is  surrounded  by  the  occipital 
ring,  the  inner  margin  of  which  projects  into  the  cavity  of  the 
head.  From  the  sides  of  the  inner  margin  of  the  occipital  ring 
two  short  chitinous  bars  bend  inwards  and  approach  each  other 
internally,  forming  a  support — the  jugum — for  the  tentorial  mem- 
brane. On  each  side  of  the  occipital  ring  below  the  jugum  a 
small  cavity  occurs,  into  which  a  corresponding  process  from  the 
prothorax  fits,  forming  a  support  for  the  head. 
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The  occipital  ring  is  surrounded  by  the  four  plates,  which 
make  up  the  sides  and  back  of  the  head  capsule.  On  the 
ventral  side,  between  the  occipital  ring  and  the  aperture  from 
which  the  proboscis  depends,  a  median  basal  plate,  the  gulo- 
mental  plate,  i-epresents  the  fused  gula  and  basal  portions  of 
the  greatly  modified  second  maxillae.  The  occipital  segment 
is  bounded  laterally  by  the  genae  (Lowne's  paracephala)  and 
dorsally  by  the  epicranium.  These  parts  have  been  divided  by 
systeraatists  into  so  many  regions  that  a  somewhat  detailed  de- 
scription will  be  necessary  to  make  their  boundaries  clear. 

The  genae  bear  the  large  compound  eyes  which  occupy  almost 
the  whole  of  the  antero-lateral  region  of  the  head.  On  the  pos- 
terior flattened  surface  of  the  head  the  genae  are  flat,  and  extend 
from  the  gulo-mental  plate  to  the  epicranial  plate,  the  sutures  of 
the  latter  being  vertical.  On  the  dorsal  side  each  sends  a  narrow 
strip  between  the  inner  margin  of  the  eye  and  the  epicranium ; 
this  strip  surrounds  the  eye  and  meets  the  ventral  portion  of 
the  gena ;  it  is  of  a  silver  to  golden  metallic  lustre.  On  the 
ventral  side  below  the  eye  each  gena  bounds  the  probo.scis 
aperture  laterally ;  a  number  of  stout  bristles  arise  from  this 
margin  and  also  from  its  antero-lateral  region,  which  is  often 
spoken  of  as  the  "jowl."  In  the  anterior  region,  where  the 
genae  are  in  contact  with  the  clypeus,  there  are  two  promi- 
nent ridges  bearing  strong  setae ;  these  are  usually  known 
as  the  "facialia."  Berlese  (1909)  regards  the  facialia  as  repre- 
senting a  portion  of  the  fourth  (mandibular)  segment.  They 
are  certainly  distinct  from  the  genae,  as  may  be  seen  in  the 
head  of  the  newly  formed  nymph  (fig.  43).  Strictly  speaking 
they  are  both  facialia  and  peristomalia,  facio-peristomial  sclerites 
in  fact. 

The  epicranium  (epicephalon  of  Lownc)  on  the  posterior  sur- 
face of  the  head  is  flat.  On  the  anterior  surface  it  is  convex, 
and  divided  into  a  number  of  regions.  On  the  top  of  the  head 
between  the  eyes  it  is  called  the  vertex.  This  contains  the  three 
ocelli  situated  on  a  slightly  raised  ocellar  triangle,  which  is  sur- 
rounded by  a  second  triangle,  the  vertical  triangle.  The  median 
region  in  front  of  and  below  the  vertex  is  the  fi'ons.  In  the 
middle  of  this  there  is  a  black  frontal  stripe.     The  frons  appears 
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to  be  composed  of  two  scleritos  for  whicli  'I'dwiisenfl,  in  a  letter 
to  me,  suggests  the  term  "frontalia."  In  the  male  the  eyes  are 
only  narrowly  separated  by  the  frontal  stripe.  In  the  female  the 
frontal  stripe  Avidens  out  on  the  vertex.  This  character  provides 
a  ready  means  of  distinguishing  the  male  from  the  female,  as 
the  result  of  it  is  that  in  the  male  the  eyes  are  close  together 
on  the  dorsal  side,  being  separated  by  about  one-fifth  of  the 
width  of  the  head,  whereas  in  the  female  the  space  between 
the  eyes  is  about  one-thirfl  the  width  of  the  head.  The  edges 
of  the  genae  bordering  on  the  frons  bear  each  a  row  of  stout 
setae — the  fi'onto-orbital  bristles. 

The  antennae  are  situated  below  the  lower  edge  of  the  frons. 
Each  antenna  consists  of  three  joints  and  the  arista.  The  two 
proximal  joints  are  short  and  compose  the  "  scape  "  and  arise  from 
a  strip  representing  the  antennal  segment,  situated  between  the 
frons  and  the  prefrons.  The  third  joint,  the  flagellum,  is  longer, 
and  hangs  vertically  in  front  of  the  clypeus.  It  is  covered  with 
sensory  setae,  and  contains  two  pits  of  sensory  function  (olfactory, 
I  believe).  From  the  upper  side  the  plumose  arista  arises.  This 
probably  represents  the  terminal  three  joints  of  the  antenna.  The 
lower  edge  of  the  frons  represents  the  anterior  margin  of  the  epi- 
cranium.  It  is  of  interest  here  to  note  that,  whereas  the  arista 
of  M.  domestica  is  plumose,  that  is,  it  bears  fine  bristles  on  the 
upper  and  lower  sides,  the  arista  of  the  stable-fly,  Stomoxys 
calcitrans,  bears  bristles  on  the  upper  side  only,  and  the  arista  of 
the  lesser  house-fly,  Fannia  canicularis,  is  apparently  devoid  of 
bristles,  in  reality  it  is  minutely  pilose. 

The  rest  of  the  fticial  region  is  composed  of  the  clypeus  or,  as 
it  is  usually  called,  the  face,  a  convenient  term,  but  one  which 
hides  its  true  morphology.  The  face  is  depressed,  and  is  C(n'ered 
by  the  flagella  of  the  antennae.  Between  the  upper  and  lateral 
edges  of  the  face  and  the  lower  edge  of  the  epicranium  a  crescentic 
opening,  the  lunule,  marks  the  invagination  of  the  ptilinum.  The 
epistomium  is  a  narrow  strip  below  the  face  bounding  the  anterior 
edge  of  the  proboscis  aperture. 
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The  Skeleton  of  the  Proboscis. 

An  account  of  the  proboscis  of  M.  domestica  was  published 
by  Macloskie  in  1880.  The  proboscis  of  the  blow-fly,  which  is 
very  similar  in  many  respects  to  that  of  the  house-fly,  has  been 
described  by  Anthony  (1874),  Kraepelin  (1880)  and  LowTie  (tc). 
The  results  of  these  authors  differ  in  many  details.  My  study 
of  the  proboscis  of  M.  domestica  confirms  Kraepelin's  results, 
and  as  Lowne's  is  the  only  complete  account  of  the  muscid 
head,  a  full  description  of  the  anatomy,  both  internal  and 
external,  of  the  head  of  M.  domestica  will  be  given.  Recently 
Graham-Smith  (1912)  has  made  a  very  careful  study  of  the 
anatomy  and  function  of  the  oral  suckers  of  the  blow-fly,  Calli- 
phora  erythrocephala.  His  observations  are  confirmatory  of  my 
-own  study  of  the  oral  lobes  of  M.  domestica  which  I  made  in 
1906,  but  which  was  not  described  in  gi-eat  detail  in  the  first 
part  of  my  monogi-aph  (1907). 

Lowne  regards  the  gi'eater  part  of  the  proboscis  as  being- 
developed  from  the  first  maxillae  and  not  from  the  labium  or 
fused  second  pair  of  maxillae.  The  latter  is  the  usually  accepted 
view,  and  one  which  I  support  on  morphological  grounds.  On 
account  of  the  very  exceptional  nature  of  his  conclusion,  he  refuted 
the  commonly  accepted  terms  of  the  various  parts  of  the  proboscis 
and  invented  new  ones,  an  unfortunate  habit  to  which  he  was 
addicted.  For  the  sake  of  descriptive  clearness  it  will  be  neces- 
sary to  refrain  from  constant  reference  to  LowTie's  terms  or  any 
discussion  as  to  theii'  merits. 

The  proboscis  consists  of  two  chief  parts ;  a  proximal  mem- 
branous conical  portion,  the  I'ostrum,  and  a  distal  portion  which 
bears  the  oral  lobes  and  which  has  been  termed  the  haustellum. 
The  term  haustellum  has  also  been  used  by  some  authors  to 
designate  the  distal  portion  of  the  proboscis  minus  the  oral 
lobes. 

The  Rostrum  (fig.  3).  This  proximal  membranous  portion  of 
the  proboscis  is  attached  to  the  edges  of  the  proboscis  aperture, 
that  is  to  the  epistomium,  genae  and  the  gulo-mental  plate.  It 
has  the  shape  of  a  truncated  cone  and  bears  on  the  anterior  side 
a  pair  of  palps  which  bear  sensory  setae  of  two  sizes. 
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Fig.  3.  Interior  of  the  head  of  .1/.  (lome.-itica.  In  this  figure  the  left  side  of  the 
head  capsule  and  of  the  proboscis  have  been  removed  and  the  compound  ej'e 
of  the  same  side,  leaving  the  optic  ganglion  (periopticon).  All  the  tracheal 
structures  have  been  omitted. 

a.c.  Anterior  cornu  of  fulcrum,  a.f.h.  Accessory  flexor  muscles  of  haustellum. 
ai?.  Apodeme  of  labrum.  an.n.  Antennal  nei-ve.  C.G.  Cephalic  ganglion. 
con.l.  Dilator  muscles  of  labium-hypopharynx.  d.jjh.  Dilator  muscles  of 
pharynx.  (Ls.  Discal  sclerite.  Ex.h.  Extensor  muscle  of  haustellum. 
-F.  Fulcrum.  /.  Furca.  f.c.  Fat  cells.  /./(.  Flexor  muscle  of  haustellum. 
f.l.  Flexor  muscle  of  labnim-epipharynx.  f/.j).  Gustatory  papillae  of  oral  lobes. 
k.  Hyoid  sclerite  of  pharynx.  Ih.n.  Labial  nerve,  lb. si.  Labial  salivary  gland. 
l.hp.  Labium-hypopharynx.  l.ep.  Labrum-epipharynx.  m.rp.  Maxillary  palp. 
oe.s.  Oesophagus.  oc.«.  Ocellar  nerve,  ijh.n.  Pharyngeal  nerve,  p.c.  posterior 
cornu  of  fulcrum.  P.O.  Periopticon.  jys.  Pseudotrachea.  Pt.  Ptilinum. 
r.d.s.  Ketractor  muscles  of  discal  sclerites.  r.f.  Eetractor  muscle  of  fulcrum. 
r.fu.   Retractor  muscle   of   furca.  r.h.    Retractor  muscle   of   haustellum. 

r.r.  Retractor  muscle  of  rostrum,  .s.o.  Suboesopbageal  ganglion,  sul.d.  Com- 
mon duct  of  the  lingual  salivary  glands,  s.v.  Valve  of  common  .salivary  duct. 
s.m.  Muscle  controlling  valve  of  salivary  duct.     th.  Theca. 
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The  Haustellum.  This  forms  the  distal  p()rti(jn  of  the  pro- 
boscis and  is  attached  to  the  rostrum.  Its  distal  portion,  which 
comprises  the  oral  lobes,  will  be  described  separately.  The  pos- 
terior side  of  the  proximal  portion  is  formed  by  a  strongly  convex 
heart-shaped  sclerite,  the  theca  (figs.  3  and  29),  which  morpho- 
logically represents  a  portion  of  the  labium.  The  lower  angle  of 
the  theca  is  incised  by  a  semicircular  sinus.  By  means  of  this  the 
theca  rests  on  a  triradiate  continuous  sclerite,  the  furca,  which 
consists  of  a  median,  slightly  convex  rod  (fig.  3,  /),  from  the 
anterior  end  of  which  two  arms  diverge  and  form  the  chief  skeletal 
structures  of  the  oral  lobes.  The  lower  end  of  the  theca  rides  on 
the  structure,  the  bottom  of  the  sinus  resting  on  the  median 
rod,  and  the  two  pointed  lateral  terminations  of  the  theca  rest 
on  the  arms.  In  this  manner  these  processes,  in  a  state  of 
repose,  keep  the  arms  of  the  furca  closely  approximated.  The 
result  of  this  arrangement  will  be  seen  later  in  studying  the 
musculature  of  the  proboscis. 

The  sides  of  the  haustellum  are  membranous.  On  its  anterior 
face,  in  a  gi'oove  formed  by  the  overlapping  membranous  sides,  lie 
the  labrum-epipharynx  and  labium-hypopharynx.  The  labrum- 
epipharynx  (fig.  3,  l.ep.)  is  attached  at  its  proximal  end  to  the 
membranous  rostrum,  but  is  incapable  of  a  labral-like  movement 
on  account  of  its  close  connection  with  the  labium-hypopharynx. 
Two  slightly-curved,  hammer-shaped  apodemes  (fig.  3,  ap.)  are 
attached  to  the  proximal  end  of  the  labrum-epipharynx.  They 
assist  in  folding  the  proboscis  during  retraction,  as  will  be  sho^^^l 
later.  The  labrum-epipharynx  is  shaped  like  a  blunt  arrow-head ; 
the  external  surface  is  somewhat  flattened.  It  is  composed  of 
two  pairs  of  sclerites,  an  outer  pair  enclosing  an  inner  pan-,  which 
form  the  pharyngeal  channel.  The  edges  of  the  inner  tube  are 
comiected  by  a  gi'oove  with  the  hypopharjmgeal  portion  of  the 
labium-hypopharynx,  as  shown.  The  labium-hypopharynx  (fig.  3, 
IJip.)  represents  the  fusion  of  the  hypopharynx  with  the  gTeatly 
modified  and  fused  second  maxillae  or  labium.  It  consists  of  a 
sclerite,  curved  in  section,  having  the  chitinous  hypopharyngeal 
tube  (fig.  29,  Jip.)  fused  to  it  along  the  upper  half  of  its  length. 
The  edges  of  the  hypopharpigeal  tube  engage  with  those  of  the 
inner   pair   of  sclerites   of   the   labrum-epipharynx,  as   mentioned 
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before.  Distally,  the  hypopharyngeal  tube  becomes  free  from 
the  labium,  as  shown  in  fig.  29,  and  ends  in  a  point  where  the 
lingual  salivary  duct  opens. 

Down  each  side  of  the  labium-hypopharyngeal  sclerite  a 
rod-like  thickening  runs.  Distally,  these  thickened  margins 
(paraphyses  of  Lowne)  articulate  with  the  discal  sclerites.  The 
discal  sclerites  (fig.  3,  ds.)  are  united  at  the  posterior  end  ti» 
form,  when  the  oral  lobes  are  expanded,  a  U-shaped  structure, 
with  the  limbs  constricted  in  the  middle  where  the  ends  of  the 
thickened  margins  of  the  labium-hypopharynx  articulate.  They 
are  sunk  in  deeply  between  the  two  oral  lobes  at  the  base  of  the 
oral  pit  with  the  free  ends  of  the  U  anterior,  these  being  spatulate 
and  curved  anteriorly. 

The  Oral  Lobes.  Normally  the  two  oral  lobes  or  labella  are 
connected  by  a  delicate  attachment  along  the  inner  anterior  edges 
to  form  an  oral  sucking  organ,  but  under  pressure  this  delicate  con- 
nection is  severed  and  the  oral  disc  presents  a  heart-shaped  instead 
of  the  normal  appearance.  On  the  upper  or  outer  aboral  surfaces 
the  oral  lobes  bear  sensory  setae,  the  larger  marginal  setae  being 
different  in  structure  from  the  rest,  as  will  be  described  later  in 
the  account  of  the  internal  structure  of  the  oral  lobes  (p.  61). 
On  the  lower  and,  when  the  proboscis  is  withdrawn,  the  inner 
oral  surface  a  large  number  of  channels,  called  the  pseudo- 
tracheae  (fig.  3,  ps.),  from  their  fancied  resemblance  to  the 
annular  tracheae,  run  from  the  edges  of  the  oral  lobes  to  the 
internal  margins.  These  channels  are  almost  circular  or  oval  in 
section,  being  incomplete  on  one  side  and  thereby  communicating 
with  the  surface  of  the  oral  lobe.  The  channels  are  kept  open 
by  means  of  small  incomplete  chitinous  rings  which  give  the 
pseudo-tracheae  their  annular  ajDpearance.  Each  of  these  incom- 
plete chitiiious  rings  is  bifurcated  at  one  end  but  single  at  the 
other  end  (fig.  4).  The  rings  are  so  arranged  that  the  bifid 
ends  alternate  with  the  single  ends.  The  pseudo-tracheal  channel 
communicates  with  the  external  surface  of  the  oral  lobes  through 
the  opening  through  the  bifid  extremities  of  each  ring,  as  is 
shown  in  the  accompanying  figure  (fig.  5).  From  the  outer 
edge  of  the  oral  lobe  the  pseudo-tracheae  gradually  increase  in  size 
as   they  approach   the   inner  margin   of  the   lobe.     The   number 
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of  pseudo-tracheae  traversing  each  oral  lobe  is  thirty-six,  and 
they  are  gi'ouped  in  three  sets.  One  anterior  set  of  twelve 
pseudo-tracheae  run  into  a  single  large  pseudo-tracheal  channel 
running  along  the  anterior  inner  margin  of  the  oral  lobe,  and 
a  posterior  set  of  twenty  or  twenty-one  all  run  into  a  common 
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Fig.  4.  Oral  aspect  of  a  pseudo-trachea 
showing  interbifid  spaces  (i.*.)  be- 
tween bifid  ends  of  the  pseudo- 
tracheal  lings. 


Fig.  5. 


Chitinous  pseudo-tracheal 
rings. 


channel  running  along  the  posterior  inner  margin  of  the  lobe; 
between  these  two  sets  a  median  set  of  three  or  four  pseudo- 
tracheae  run  direct  into  the  oral  aperture. 

Graham-Smith  (I.e.)  has  made  comparative  measurements  of 
the  pseudo-tracheae  of  several  species  of  non-biting  flies  and 
of  the  interbifid  .spaces,  as  he  terms  the  area  enclosed  between 
the  bifid  extremities  of  the  chitinous  rings  of  the  pseudo- 
The   average  measurements  of  the  various  parts  are 


tracheae, 
as  follows 
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Calliphora  erythrocepkala 
Sarcophaga  carnaria 
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Fannia  canicularis 
Ophyra  anthrax 
Musca  domestica 
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The  comparatively  small  size  of  the  interbifid  spaces  of  the 
house-fly  should  be  noted,  as  this  has  some  bearing  on  the 
feeding  habits  of  the  fly. 


ORAL  APERTURE  AND  FULCRUM  l7 

The  Oral  Aper'tm-e  lies  at  the  base  of  the  small  oral  pit, 
which  is  a  space  kept  open  between  the  oral  lobes  by  means  of 
the  discal  sclerites.  The  median  pseudo-tracheae  do  not  extend 
as  far  as  the  discal  sclerites,  but  on  entering  the  oral  pit  th(! 
chitinous  rings  cease  and  are  replaced  by  nairow  A-shaped 
sclerites  for  a  short  distance,  while  the  sides  of  the  or;il  pit 
are  bordered  by  a  row  of  teeth,  which  have  been  termed  the 
prestomial  teeth  and  which  lie  at  the  sides  of  the  openings  of 
the  pseudo-tracheal  channels.  Between  the  pseudo-tracheae  the 
membranous  surface  of  each  oral  lobe  is  thrown,  probably  in 
the  relaxed  state  only,  into  longitudinal  sinuous  ridges ;  there 
appear  to  be  two  such  ridges  between  adjacent  pseudo-tracheae. 
Projecting  from  the  bottom  of  the  furrows  are  several  papillae, 
generally  four  or  five  to  each  interpseudo-tracheal  area,  of  a 
gustatory  nature,  the  gustatory  papillae  (fig.  3,  gp.). 

In  certain  text-books  and  treatises  in  which  the  proboscis  of 
the  house-fly  is  described  a  misconception  of  the  character  and 
consequent  function  of  the  pseudo-tracheae  is  frequently  repeated. 
The  pseudo-tracheae  are  described  as  horny  "  rasp-like "  ridges 
which,  by  a  "  rasping  "  action,  remove  small  particles,  of  sugar,  for 
example,  which  the  fly  can  swallow.  A  careful  study  of  the  nature 
of  the  pseudo-tracheae  and  the  method  of  feeding  of  the  house-fly 
would  convince  anyone  who  attempted  to  verify  the  above  idea 
of  the  mistaken  interpretation  and  description. 

The  Fulcrum.  This  chitinous  portion  of  the  pharynx  (fig.  3,  F.) 
lies  on  the  lower  part  of  the  head  and  in  the  rostrum.  Kraepelin 
describes  it  as  being  shaped  like  a  Spanish  stirrup  iron.  Its  struc- 
ture will  be  best  understood  by  referring  to  the  figures.  It  consists 
of  an  outer  portion,  which  is  U-shaped  in  section;  the  basal  portion, 
which  is  posterior  and  forms  the  floor  of  the  pharynx  (which 
Lowne,  unfortunately,  terms  the  hypopharynx),  is  vertical  when 
the  proboscis  is  extended.  This  basal  portion  is  evenly  rounded 
at  both  ends,  and  at  the  sides  of  the  upper  end  there  is  a  pair  of 
processes — the  posterior  cornua  (fig.  3,  p.c.)  which  serve  for  the 
attachment  of  muscles.  The  sides  of  the  fulcrum  are  somewhat 
triangular  in  shape ;  their  upper  anterior  portions  are  produced  to 
form  the  anterior  cornua  (a.  c.) ;  here  the  sides  bend  inwards  at 
right  angles,  and   meet  below  the   epistomium,  upon  which   the 
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fulcrum  is  hinged.  The  fulcrum  is  therefore  quadrilateral  in  sec- 
tion at  the  upper  proximal  end,  and  trilateral  at  the  lower  distal 
end.  The  basal  portion  (fig.  28,  b.p.)  forms  the  floor  of  the  pharjTix  ; 
the  roof  of  the  pharynx  is  formed  by  another  chitinous  piece  {r.p.) 
with  a  median  thickened  raphe.  This  roof  lies  parallel  with  the 
basal  piece,  and  is  fused  with  the  sides  of  the  fulcrum.  On  the 
membranous  wall  of  the  pharynx,  between  the  labium-hypopharjux 
and  the  fulcrum,  a  small  chitinous  sclerite  (fig.  3,  k.)  is  developed, 
which  LoAvne  terms  the  hyoid  sclerite.  It  is  U-shaped  in  section, 
and  serves  to  keep  the  lumen  of  the  pharj-nx  in  this  region 
distended. 

The  Thorax  (fig.  6). 

As  in  all  Diptera  the  possession  of  a  single  pair  of  wings  has 
resulted  in  the  gi-eat  development  of  the  mesothorax  at  the  expense 
of  the  other  thoracic  segments,  consequently  the  thorax  is  chiefly 
made  up  of  the  sclerites  composing  the  mesothorax.  The  prothorax 
and  metathorax  compose  very  small  portions  on  the  anterior  and 
posterior  faces  respectively.  Seen  from  above  the  thorax  is  oviform 
with  the  blunt  end  anterior  and  slightly  flattened.  Three  trans- 
verse sutures  on  the  dorsal  side  mark  the  limits  of  the  prescutum, 
scutum  and  scutellum  of  the  mesothoracic  segment;  the  meso- 
thoracic  scutellum  forms  the  pointed  posterior  end,  and  slightly 
overhangs  the  anterior  end  of  the  abdomen. 

The  Prothorax.  The  prothoracic  segment  has  been  reduced  to 
such  an  extent  that  it  is  hopeless  to  attempt  to  homologise  all  the 
separate  sclerites  with  those  of  a  typical  thoracic  segment.  To 
obtain  a  complete  view  of  the  prothorax  it  is  necessary  to  examine 
it  from  the  anterior  end  after  the  removal  of  the  head.  The  follow- 
ing sclerites  can  then  be  recognised.  The  presternum  is  a  median 
ventral  plate,  quadrilateral  in  shape,  having  the  anterior  end  rounded 
and  broader  than  the  posterior  end.  It  does  not  occupy  the  whole 
of  the  prosternal  area,  but  is  bounded  by  the  prosternal  membrane. 
Internally,  a  ridge  runs  to  the  posterior  end  of  the  presternum  and 
bifurcates,  each  ridge  running  to  the  posterior  corners,  to  which 
two  strong  processes  (the  hypotremata  of  Lowne)  are  attached.  In 
front  of  the  prosternum  there  is  a  small  saddle-shaped  sclerite 
which,  on  account  of  its  position,  may  be  called  the  interclavicle 
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(the  sella  of  Lowne).  Two  lobes  at  its  anterior  end  are  covered 
with  small  processes,  probably  sensory  in  function.  A  pair  of  small 
sclerites  is  situated  in  front  of  these  lobes;  these  sclerites  with 
the  interclavicle  no  doubt  belong  to  the  prostemnm.  The  inter- 
clavicle  is  ventral  to  the  cephalothoracic  foramen.     The  ju^ulares 
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Fig.  6.  The  thorax  seen  from  the  left  side.  The  in.sertions  of  the  larger  setiie  are 
shown;  for  the  sake  of  clearness  the  sclerites  of  the  wing-base  .are  omitted. 

a.th.  Anterior  thoracic  spiracle.  ca.  Costa.  cp.  Intermediate  coxal  plates. 
ep'.,  ep".  Epimera  of  the  meso-  and  meta-thoracic  segments,  eps'.,  eps"., 
eps'" .  Episteraa  of  the  pro-,  meso-,  and  meta-thoracic  segments,  hal.  Haltere. 
hu.  Humerus.  Ip.  Lateral  plate  of  mesostemum.  Ip.^c.  Lateral  plate  of 
postscutellum.  mph.  Mesophragma.  mp^c.  Median  plate  of  postscutellum. 
mn.  Metanotum.  mx.  Mesostemum.  /»fx.  Metasternum.  p.th.  Posterior 
thoracic  spiracle,  pt.  Parapteron.  pr.n.  Pronotum.  prs.  Preseutum  of  meso- 
thorax.     sc.  Scutum,     sctl.  Scutellum. 


(3me  jiigulaires  of  Kunckel  d'Herculais)  are  two  prominent 
pocket-shaped  sclerites  lying  one  on  each  side  of  the  cephalo- 
thoracic foramen,  and  having  their  convex  faces  external.  Lying 
immediately  belov*^  each  of  the  jugulares  is  a  small  rod-like 
sclerite — the  clavicle.  The  dorsal  region  of  the  prothorax,  the 
pronotum  (fig.  6,  pr.n.),  is  formed  by  two  sclerites  united  in  the 
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median  line,  their  dorsal  sides  being  curved.  From  the  ventral 
side  of  the  pronotum  a  pair  of  chitinoiis  apodemes  project  into 
the  thoracic  cavity.  The  lateral  regions  of  the  pronotum  are 
in  contact  with  the  humeri  Qiu.)  and  the  prothoracic  episterna. 
The  humeri  are  a  pair  of  strongly  convexed  sclerites  situated  in 
the  antero-lateral  region  of  the  thorax.  They  are  bounded  above 
by  the  prescutum  of  the  mesothorax,  internally  and  below  by  the 
episterna  of  the  pr-othorax,  and  externally  by  the  lateral  plate  of 
the  mesostemum  and  the  anterior  thoracic  spiracle.  Its  inner 
concave  surface  serves  for  the  attachment  of  the  muscle  of  the 
prothoracic  coxa.  The  episterna  {eps'.)  (epitrochlear  sclerites  of 
Lowne)  are  comparatively  large  sclerites  forming  the  lateral 
regions  of  the  prothorax.  They  overhang  the  attachments  of  the 
prothoracic  limbs.  The  internal  skeleton  of  the  prothorax  consists 
of  the  two  stout  hollow  apodemes — the  hypotremata  mentioned 
previoush'.  They  arise  from  the  postero-lateral  edges  of  the  pro- 
stemum,  and  run  obliquely  across  the  ventral  edge  of  the  anterior 
thoracic  spiracle  where  the  hypotreme  divides,  the  posterior  branch 
runs  up  the  posterior  margin  of  the  spiracle,  between  the  lateral 
plate  of  the  mesosternum  and  the  peritreme  (the  chitinous  ring 
surrounding  the  spiracle),  the  anterior  branch  fuses  with  the 
prothoracic  episternum. 

The  Mesothorax.  The  notum  of  the  mesothorax  occupies  the 
whole  of  the  dorsal  side  of  the  thorax.  It  is  composed  of  the  four 
sclerites  to  which  Audouin  (1824)  gave  the  names  of  prescutum, 
scutum,  scutellum,  and  postscutellum.  The  prescutum  (pj^s.)  forms 
the  anterior  part  of  the  dorsal  region  of  the  thorax.  Its  anterior 
portion  bends  down  almost  vertically  to  unite  with  the  pronotum. 
The  anterior  edge  of  the  prescutum  is  inflected  after  the  pronotal 
suture,  and  is  reduced  in  the  median  line  to  a  small  bifurcating 
process.  The  prescutum  is  bounded  laterally  by  the  humerus  and 
a  membranous  strip — the  dorso-pleural  membrane.  The  scutum 
(sc.)  is  the  largest  of  the  mesonotal  plates.  It  occupies  the  whole 
of  the  median  dorsal  region  of  the  thorax.  Anteriorly  it  is  bounded 
by  the  prescutum,  laterally  by  the  alar  membrane  and  the  lateral 
plate  of  the  postscutellum,  and  posteriorly  by  the  scutellum.  From 
the  lateral  region  of  the  scutum  a  process  projects  forwards  and 
downwards   and    articulates    with    the    posterior    portion    of    the 
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wing-base  (the  inetapterygium).  The  scutelhiin (sc</.)  is  a  triangular 
pocket-shaped  sclerite  which  overhangs  the  postsciitelium  and  the 
base  of  the  abdomen.  The  posterior  surface  of  the  thorax  is  chiefly 
composed  of  the  large  postscutellum.  This  is  made  up  of  three 
pieces,  a  median  escutcheon-shaped  plate  (mpsc.)  strongly  convex 
to  the  exterior,  and  two  convex  lateral  plates  (Ip.sc).  The  lateral 
plates  are  bounded  below  by  the  metasternum  and  spiracles,  and 
anteriorly  by  the  pleural  region  of  the  mesothorax. 

The  uiesosternum  is  a  sclerite  of  considerable  size  and  forms 
the  keel  of  the  thorax.  It  consists  of  a  median  ventral  portion 
(771.9.)  which  is  produced  laterally  to  form  two  large  lateral  plates 
(Ip.).  The  median  portion  is  ))oun(l('d  in  tVont  by  the  prosternum 
and  the  foramina  of  the  anterior  coxae,  and  behind  by  the  median 
coxal  foramina.  A  short  distance  behind  the  anterior  end  a  de- 
pression in  the  mid-ventral  line  extending  to  the  posterior  edge 
indicates  a  median  inflection  forming  the  entothorax.  The  lateral 
regions  of  the  posterior  margins  of  the  mesosternum  are  inflected 
on  each  side  to  form  the  entopleura.  The  lateral  plates  of  the 
mesosternum  form  the  whole  of  the  anterior  portion  of  the  pleural 
region ;  each  is  bounded  in  front  by  the  humerus,  spiracle,  and 
prothoracic  episternum,  above  by  the  dorso-pleural  membrane, 
and  behind  by  the  mesopleural  membrane.  The  ventral  side  of 
the  lateral  plate  is  continuous  in  front  with  the  median  plate  of 
the  mesosternum,  and  behind  is  united  by  means  of  a  suture.  The 
remaining  portion  of  the  mesopleural  region  is  made  up  of  the 
episternum,  epimeron,  and  two  small  sclerites  connected  with  the 
wing-base — the  parapteron  and  costa.  The  episternum  (eps".)  is 
situated  behind  the  mesopleural  membrane  and  below  the  alar 
membrane  ;  below  and  behind  it  is  bounded  by  the  epimeron.  Its 
surface  is  marked  by  two  convexities,  the  ampullae,  the  upper  of 
the  two  corresponding  to  Lowne's  great  ampulla  of  the  blow-fly. 
The  dorsal  side  of  the  episternum  is  intimately  connected  with  the 
sclerites'  of  the  anterior  portion  of  the  wing- base. 

The   epimeron  (ep.)  is   a   triangular  sclerite,  and  is  bounded 

1  In  this  account  the  individual  sclerites  which  compose  the  wing-base  will  not 
be  described.  Lowne  has  described  them  at  gi-eat  length  for  the  blow-fly,  and 
although  the  wing-base  sclerites  of  ill.  domestica  differ  slightly  in  shape  from  those 
of  Calliphom,  Lowne's  description  of  the  relations  hold  good  for  the  fomier  insect. 
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below  by  the  mesosternum  and  metastemum,  behind  by  the  lateral 
plate  of  the  postscutellum,  and  above  by  the  epistemum  and  alar 
membrane.  The  parapteron  (pt.)  is  a  sclerite  situated  at  the  top  of 
the  mesopleural  membrane.  The  greater  portion  of  it  is  internal, 
only  a  small  triangular  portion  can  be  seen  externally.  Inter- 
nally this  is  continued  as  a  crurifijrm  sclerite  to  which  are  attached 
important  muscles  controlling  the  wings.  The  costa  (ca.)  is  a  small 
sclerite  situated  on  the  dorsal  margin  of  the  epimeron.  The 
internal  skeleton  of  the  mesothorax  consists  of  the  entothorax, 
entopleura,  mesophragma,  and  the  inflected  edges  of  the  epistema 
and  epimera.  The  entothorax  is  composed  of  a  median  vertical 
plate  subtriangular  in  shape,  on  the  top  of  which  a  median  plate 
produced  laterally  into  wing-like  processes  rests.  On  this  structure 
the  thoracic  nerve-centre  lies.  The  entopleura  and  the  inflected 
edges  of  the  episterna  and  epimera  all  serve  for  the  attachment  of 
wing  muscles.  The  mesophragma  (mph.)  is  a  convex  sclerite  fused 
with  the  lower  edge  of  the  postscutellum.  Its  posterior  edge  is 
incised  in  the  middle  and  forms  the  dorsal  arch  of  the  thoraco- 
abdominal foramen. 

The  Metathorax.  The  largest  sclerite  of  the  greatly  reduced 
metathorax  is  the  metasternum  (mts.).  It  is  a  wing-shaped  sclerite 
with  the  narrow^  transverse  portion  situated  between  the  coxal 
foramina  of  the  median  posterior  pairs  of  legs ;  the  expanded 
lateral  portions  form  the  wall  of  the  thorax  above  the  insertion  of 
these  legs.  The  edges  of  the  narrow  transverse  strip  are  inflected, 
and  unite  the  lateral  portions  of  the  metastemum.  A  trough- 
shaped  longitudinal  fold^the  metafurca — rests  on  the  narrow- 
transverse  portion  of  the  metasteiTium.  The  posterior  end  of  the 
metafurca  bends  doA\Tiwards  and  articulates  with  the  posterior 
coxae  on  each  side.  The  metafurca  serves  for  the  attachment  of 
the  thoraco-abdominal  muscles.  The  pleural  region  of  the  meta- 
thorax is  a  narrow  triangular  space  situated  behind  the  lateral 
portion  of  the  metastemum  and  the  posterior  coxae.  It  is  com- 
posed of  a  narrow  triangular  episternum  and  epimeron.  The 
former  (eps'".)  is  bounded  in  front  by  the  metasternum,  the 
posterior  thoracic  spiracle  and  the  base  of  the  haltere,  below  by 
the  posterior  coxal  foramen,  and  behind  by  the  epimeron.  The 
epimeron  {ep".)  is  also  bounded  below  by  the  coxal  foramen  and 
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behind  by  the  narrow  dorsal  arch  of  the  iiietathorax  and  the  fii-st 
abdominal  segment,  its  apex  comes  in  contact  with  the  base  of  the 
haltere.  The  dorsal  region  of  the  metathorax  has  practically 
disappeared,  all  that  can  be  recognised  as  metanotum  is  a  nai-row 
chitinous  strip  (um.)  on  each  side  between  the  apex  of  the  nieta- 
pleiiral  area  and  the  dorsal  edge  of  the  first  abdominal  area. 

The    Wings. 

The  wings  are  situated  at  the  sides  of  the  scutum  on  tin-  alar 
membrane,  to  which  are  attached  the  sclerites  of  the  wing-base. 
They  are  covered  with  very  fine  hairs. 

In  describing  the  neuration  of  the  wings  the  nomenclature 
proposed  by  Comstoek  and  Needham  (1898)  for  the  wings  of  the 
whole  group  of  insects  will  be  employed. 


ClL  ^ 
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Fig.  7.     Wing.     The  nervures  are  drawn  slightly  thicker  than  they  naturally  are. 

lui.  Anal  lobe.  al.  Alula,  as.  Antisquama.  A.  Anal  cell.  A.l.  Anal  nervure. 
Cu.  Cubital  cell.  1  Cu.  First  cubital  cell.  cu.a.  Cubito-anal  transverse  ner- 
vure. CI.  Costa.  C.  Costal  cell.  1 C.  First  costal  cell.  M.  Medial  cell. 
m.cu.  Medio-cubital  transverse  nervure.  m.  Medial  transverse  nervure. 
2  3/1.,  2  M-.  First  and  second  second  medial  cells.  M.  1+2.  Medial  longitudinal 
nervure.  3/.  3  + C'».  Medio-cubital  longitudinal  nervure.  iJ.Kadial  cell.  i?.  1  to 
i?.4  +  5.  Eadial  longitudinal  nervures.     ,SV.  Subcostal  cell.     .S'c.l.  Subcosta. 

The  nervures  of  the  wing  are  ochraceous.  The  anterior  edge  of 
the  wing  (fig.  7)  is  formed  by  a  stout  nervure,  the  costa  (C.  1) 
which  is  very  setose.  The  second  longitudinal  nervure,  the  sub- 
costal {Sc.  1)  joins  the  costal  about  half  way  along  its  length.  A 
small  transverse  nervure,  the  humeral  (Ji.)  divides  the  costal  cell 
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into  costal  (C.)  and  first  costal  (1  C.)  cells.  The  next  main 
nervure — the  radial — divides  into  a  number  of  branches  (in  the 
typical  insect  five);  some  of  these  have  coalesced  in  the  fly.  A 
nervure  joining  the  costal  just  past  the  middle  is  the  first  radial 
(7^.  1)  cutting  off  the  sub-costal  cell.  The  next  nervure,  which 
joins  the  costal  on  the  apical  curve,  represents  the  fused  second 
and  third  radial  nervures  {R.  2  +  3).  This  cuts  off  the  first  radial 
cell  (1  R.).  The  last  nervure,  which  joins  the  costal  almost  at  the 
apex  of  the  wing,  represents  the  fused  fourth  and  fifth  i-adial 
nervures  {R.  4  +  5)  and  so  cuts  off  the  third  radial  cell  (3  R.). 
The  fourth  main  longitudinal  nervure  is  the  median,  which,  in  the 
typical  insect,  divides  into  three,  but  in  the  fly  the  nervures  have 
undergone  coalescence,  as  will  be  shown.  The  first  and  second 
median  nervures  have  coalesced  {M.  1  +  2),  and  do  not  run  direct 
to  the  margin  of  the  wing,  but  bend  forwards  and  almost  meet 
i^.  4  +  5  on  the  costa.  About  half  way  across  the  wing  a  trans- 
verse nervure,  the  radio-medial  {rm.)  unites  i2.  4  -t-  5  and  M.  1-1-2, 
and  cuts  off  the  fifth  radial  cell  (5  R.)  from  the  radial  {R.).  The 
next  longitudinal  nervure  represents  the  coalesced  third  medial 
and  cubital  nervures  {M.^-{-  Cu.l).  It  runs  to  the  posterior 
margin  of  the  wing  about  half  way  along  the  length  of  the  latter. 
The  nervures  if .  1  +  2  and  M.  3  +  (7w.  1  are  united  by  two  nervures; 
a  proximal  nervure,  the  medio-cubital  (m.cu.)  representing  part  of 
the  original  longitudinal  vein  M.  3,  cuts  off  the  small  triangular 
medial  cell  (M) ;  the  distal  transverse  nervure  ni.  cuts  off  the  first 
second  medial  cell  (2  MK)  from  the  second  second  medial  cell  (2  3P.). 
The  last  longitudinal  nervure,  the  anal  (^.1),  is  undivided  and  does 
not  reach  the  margin  of  the  wing,  thus  incompletely  separating 
the  first  cubital  (1  Cu.)  and  anal  {A.)  cells.  A  small  nervure,  the 
cubito-anal  (cii.a.)  representing  a  portion  of  the  original  cubital 
vein  (Cu.  2)  slightly  more  proximal  than  the  medio-cubital  cuts  oft' 
the  small  triangular  cubital  cell  (Cu.)  from  the  first  cubital  cell 
(1  Ou.).  Running  parallel  with,  and  posterior  to,  the  anal  longi- 
tudinal nervure,  there  is  apparently  another  nervure.  This,  however, 
is  not  a  true  nervure  but  is  merely  a  chitinised  fun-ow  giving 
additional  strength  to  the  posterior  angle  of  the  wing.  The 
posterior  edge  of  the  base  of  the  wing  is  divided  into  a  number  of 
lobes.     These  are  the  anal  lobe,  and,  as  Sharp  (1895)  proposed. 
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the  alula,  antisquama,  and  squama.  The  ,s(|iiaiiia  i.s  thickei-  tliaii 
the  rest,  and  is  attached  posteriorly  to  the  wino-i-oot  between  the 
mesoscutuni  and  the  lateral  plates  of  the  postscutelluni.  It  covers 
the  haltere,  as  in  all  "  calyptrate  "  Muscidae^. 

The  Halteres.  The  halteres  or  balancers  (fig.  6  hal.)  are  gene- 
rally considered  to  represent  the  rudimentary  metathoracic  wings. 
They  are  covered  by  the  squamae,  and  are  situated  on  the  sides  of 
the  thorax  above  the  posterior  spiracles.  Each  consists  of  a  conical 
base  on  which  are  a  number  of  chordonotal  sense-organs  and  on 
this  base  is  mounted  a  slender  rod,  at  the  end  of  which  a  small 
spherical  knob  is  attached.  The  wall  of  the  distal  half  of  this 
sphere  is  thinner  than  the  proximal  half,  and  in  preserved  speci- 
mens is  generally  indented.  Experiments  show  that  the  halteres 
are  organs  of  a  static  function.  They  are  not  balancing  oi'gans  in 
the  sense  that  they  are  equivalent  to  the  balancing  pole  of  a  rope- 
Avalker.  They  also  have  probably  an  auditory  function.  They  are 
innervated  by  the  largest  pair  of  nerves  in  the  thorax. 

^  The  nomenclature  of  Comstoek  and  Needbam  has  not  yet  been  adopted  by 
dipterologists  in  general,  but  on  account  of  its  morphological  value,  it  may  in 
course  of  time  replace  the  present  confused  system.  It  may,  therefore,  be  useful  if 
the  nomenclature  employed  in  the  foregoing  description  be  compared  with  those 
most  usually  employed. 

Longitudinal  Nervuees.  Ci.  Costal.  .SV-j .  Mediastinal;  auxiliary.  Ej .  Sub- 
costal; 1st  longitudinal,  ii.  2  +  3.  Radial ;  2nd  longitudinal.  /^.  4  +  5.  Cubital ;  3rd 
longitudinal;  ulnar  (Lowne).  J/.  1+2.  Median;  4th  longitudinal;  discal  (Verrall). 
il/.  3  +  C(/i.  Submedian;  -^th  longitudinal;  postical  (Yerrall).  .^i.  Anal;  6th  longi- 
tudinal.    Pseudonervure  ;  axillary;  7th  longitudinal. 

Transvekse  Neevures.  h.  Humeral;  1st  transverse ;  basal  cross-vein  (Verrall). 
rm.  Discal;  2nd  transverse;  middle  cross-vein  (Verrall);  medial  transverse;  anterior 
transverse  (Austen),  m.cu.  Anterior  basal  transverse  (Austen);  lower  cross-vein 
(Verrall);  postical  transverse  (Lowne).  m.  Posterior  transverse  (Austen);  postical 
cross-vein  (Verrall);  discal  transverse  (Lowne).  cxi.a.  Posterior  basal  transverse 
(Austen);  anal  cross-vein  (VeiTall) ;  anal  transverse  (Lowne). 

Cells.  C.  Costal.  1  C.  Second  costal.  Sc.  Third  costal  (Lowne  correctly  calls 
this  "  sub-costal").  1  i?.  Marginal.  3 -R.  Sub-marginal;  cubital  (Lowne).  5 -R.  First 
posterior  cell  (Austen);  sub-apical  (Lowne  and  Verrall).  2il/2.  Second  posterior 
cell  (Austen) ;  apical.  1  Cu.  Third  posterior  cell  (Austen  and  Verrall) ;  patagial 
(Lowne).  2il/i.  Discal  (this  term  is  used  also  in  Lepidoptera,  Trichoptera,  and 
Psocoptera,  and  in  each  family  refers  to  a  different  cell!).  R.  Anterior  basal  cell 
(Austen);  upper  of  first  basal  or  radical  (Verrall);  prepatagial  (Lowne).  M.  Pos- 
terior basal  cell  (Austen) ;  middle  or  second  basal  or  radical  (Verrall) ;  anterior 
basal  (Lowne).  Cu.  Anal  cell  (Austen);  lower  or  third  basal  or  radical  (Verrall); 
posterior  basal  (Lowne). 
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Tlie  Legs. 

The  three  pairs  of  legs  are  composed  of  the  typical  number  of 
segments.  Each  consists  of  coxa,  trochanter,  femur,  tibia,  and 
tarsus.  The  coxae  are  the  only  segments  that  show  any  consider- 
able difference  in  the  three  pairs  of  legs.  The  anterior  coxae  are 
comparatively  large  and  boat-shaped,  the  intermediate  coxae  are 
smaller  and  their  separate  sclerites  more  marked ;  the  coxal  plates 
of  the  intermediate  coxae  are  shown  in  fig.  6  (cp.).  The  coxal 
joints  of  the  posterior  pair  of  legs  are  almost  similar  to  those  of 
the  intermediate  pair.  The  anterior  femora  are  shorter  and  stouter 
in  the  middle  than  those  of  the  intermediate  posterior  pairs  of 
legs.  The  anterior  tibiae  are  also  shorter  than  those  of  the  succeed- 
ing legs.  The  anterior  tibiae  are  covered  on  their  inner  sides  with 
closely-set,  orange  coloured  setae  which  serve  as  a  comb  by  means 
of  which  the  fly  removes  particles  of  dirt  adhering  to  the  setae 
which  clothe  its  body ;  the  first  tarsal  joints  of  the  posterior  legs 
are  also  similarly  provided.  The  tarsi  consist  of  five  joints,  the 
terminal  joints  bearing  the  "  feet."  These  organs,  about  which  so 
much  has  been  written,  consist  of  a  pair  of  curved  lateral  claws  or 
"  ungues  "  which  subtend  a  pair  of  membranous  p3a-iform  pads — 
the  pulvilli.  The  pulvilli  are  covered  on  their  ventral  sides  with 
innumerable,  closely-set,  secreting  hairs  by  means  of  which  the  fly 
is  able  to  walk  in  any  position  on  highly  polished  surfaces.  A 
small  sclerite  lies  between  the  bases  of  the  pulvilli.  The  tarsal 
joints  and  the  other  segments  of  the  legs  are  covered  with  a  large 
number  of  setae. 

The  Abdomen. 

The  abdomen  is  oviform  with  the  broad  end  basal.  The  total 
number  of  segments  which  compose  the  abdomen  is  eight  in  the 
male  and  nine  in  the  female.  The  visible  portion  consists  of 
apparently  four  segments  in  the  male  and  female,  in  reality  there 
are  five,  as  the  first  segment  has  become  very  much  reduced,  and 
has  fused  with  the  second  abdominal  segment  forming  the  anterior 
face  of  the  base  of  the  abdomen  (see  fig.  22).  The  segments 
succeeding  the  fifth  are  greatly  reduced  in  the  male,  and  in  the 
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female  they  form  the  tubular  ovipositor  which,  in  repose,  is  tele- 
scoped within  the  abdomen.  The  second,  third,  fourth  and  fifth 
abdominal  segments  are  well  developed  and  each  mainly  consists  of 
a  large  tergal  plate,  which  extends  laterally  to  the  \entral  side. 
The  sternal  plates  are  nuich  reduced,  and  foim  a  series  of  narrow 
plates  lying  on  the  ventral  membrane  along  the  mid-ventral  line. 
The  spiracles  are  situated  on  the  latiTal  margins  of  the  tergal 
plates.  The  sclerites  of  the  abdonu'ii  which  are  exposed  are 
strongly  setose,  especially  the  fourth  and  fifth  dorsal  plates,  but 
they  do  not  bear  macrochaetae. 

The  terminal  abdominal  segments  of  the  male  and  female  are 
described  in  detail  in  the  account  of  their  reproduction  systems 
(see  pp.  50,  53). 


CHAPTER   III 

THE   INTERNAL   STRUCTURE   OF   MUSCA   DOMESTICA 

The  Muscular  System. 

The  muscular  system  of  the  fly  is  similar  to  that  of  Volucella, 
described  by  Kunckel  d'Herculais  (1881),  and  of  the  blow-fly, 
described  by  Lowne  and  Hammond,  and  consequently  it  will 
be  but  briefly  described.  The  muscles  may  be  divided  into 
the  following  gi-oups :  1.  Cephalic;  2.  Thoracic;  3.  Segmental; 
4.  Those  controlling  the  thoracic  appendages ;  and  5.  Special 
muscles. 

1.  The  cephalic  muscles  will  be  considered  in  the  detailed 
description  of  the  head  (see  p.  58). 

2.  The  thoracic  muscles  are  enormously  developed  and  almost 
fill  the  thoracic  cavity.  They  are  arranged  in  two  series.  The 
dorsales  (figs.  17,  18)  are  six  pairs  of  muscle-bands  on  each  side 
of  the  median  line,  attached  posteriori}^  to  the  postscutellum  and 
mesophragma,  and  anteriorly  to  the  prescutum  and  anterior  region 
of  the  scutum.  The  stemodorsales  (st.do.)  are  vertical  and  ex- 
ternal to  the  dorsales  and  are  arranged  in  three  bundles  on  each 
side.  The  first  two  pairs  have  their  upper  ends  attached  to  the 
prescutum  and  scutum,  and  their  lower  ends  inserted  on  the 
mesostemum ;  the  third  pair  is  attached  dorsally  to  the  scutum 
and  ventrally  to  the  lateral  plate  of  the  postscutellum  above 
the  spiracle.  As  Hammond  has  shown  in  the  blow-fly  (1881), 
all  these  muscles  are  mesothoracic.  The  dorsales  by  contraction 
loosen  the  alar  membrane  and  so  depress  the  wing,  the  stemo- 
dorsales have  the  opposite  effect. 
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3.  The  segmental  muscles.  These  muscles,  which  are  sa 
prominent  in  the  larva,  have  almost  disappeared  in  the  imago. 
They  are  represented  by  the  cervical  muscles,  certain  small 
thoracic  muscles,  the  thoraco-abdominal  muscles,  and  the  seg- 
mentally-arranged  abdominal  nuiscles,  together  with  the  muscles 
controlling  the  ovipositor  and  male  gonapophyses. 

4.  The  muscles  controlling  the  thoracic  appendages,  the 
wings,  legs  and  halteres.  There  is  an  elaborate  series  of  muscles 
controlling  the  roots  of  the  wing,  but  in  order  to  avoid  too  much 
detail  they  will  not  be  described  here.  The  flexor  muscles  of 
the  anterior  coxae  have  their  origin  on  the  inner  surfaces  of 
the  humeri,  a  fact  supporting  the  prothoracie  nature  of  these 
sclerites;  the  flexors  of  the  middle  pair  of  legs  have  their  origin 
on  the  sides  of  the  posterior  region  of  the  prescutum.  The 
internal  muscles  of  the  leg  are  similar  to  those  of  the  blow-fly 
and  Volucella. 

5.  Special  muscles.  These  are  the  muscles  controlling  the 
spiracular  valves,  the  penis,  and  other  small  muscles. 


The  Nervous  System. 

The  central  nervous  system  (fig.  8)  consists  of:  (1)  the  brain 
or  supraoesophageal  ganglia,  which  are  closely  united  with  the 
suboesophageal  ganglia,  the  whole  forming  a  compact  mass  which 
I  propose  to  call  the  cephalic  ganglion  (fig.  8,  C.G.),  perforated 
by  a  small  foramen  for  the  passage  of  the  narrow  oesophagus,  and 
(2)  the  thoracic  compound  ganglion,  which  is  composed  of  the 
fused  thoracic  ganglia  with  the  abdominal  ganglia.  The  two 
compound  nerve  .centres  are  united  by  a  single  median  ventral 
cord  running  from  the  suboesophageal  ganglia  to  the  anterior 
end  of  the  thoracic  nerve-centre. 

The  cephalic  ganglion  consists  of  the  supraoesophageal  ganglia 
and  the  suboesophageal  ganglia  so  closely  united  that  the  commis- 
sural character  of  the  circumoesophageal  connectives  is  completely 
lost.  Externally  on  the  dorsal  side  of  the  brain  three  longitudinal 
fissures  can  be  seen,  a  median  fissure  and  two  lateral  fissures 
marking  the  origin  of  the  optic  lobes. 
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cern. 


ac.ms 


Fig.  8.  Nervous  system.  The  very  fine  nerve  which  runs  along  the  dorsal  side  of 
the  oesophagus  to  the  proventricular  ganglion  (Pv.g.,  fig.  20)  has  been  pur- 
posely omitted. 

<//;.)).  Abdominal  nerve,  acmn.  Accessory  mesothoracic  dorsal  nerve,  ac.mt.  Acces- 
sory metathoracic  dorsal  nen'e.  cer.ii.  Cervical  nerves,  c.n.  Cephalothoracic 
nerve  cord.  O.P.  Optic  peduncle,  pr.cr.,  Jiis.cr.,  mt.cr.  Pro-,  meso-,  and  meta- 
thoracic crural  nerves,  pr.d.,  ins.d.,  lut.d.  Pro-,  meso-,  and  meta-thoracic 
dorsal  nerves. 
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Thr  Snpraoesophageal  ganglia.  '11  n'  characters  of  the  ganglia 
composing  the  brain  are  hidden  by  the  sheath  of  cortical  cells 
which  fill  up  the  spaces  between  the  ganglia;  the  characters  of 
these  can  be  ascertained  by  a  study  of  the  serial  sections.  The 
median  mass,  the  procerebrum,  is  formed  by  the  fusion  of  the 
procerebral  lobes.  Those  are  united  before  and  behind,  and 
enclose  a  central  ganglionic  mass— the  central  body.  Behind  the 
•cerebrum  two  pairs  of  fungiform  bodies  arise.  On  the  anterior 
face  of  the  procerebrum  the  antennal  oi-  olfactory  lobes  which 
represent  the  deutocerebrum  are  situated  laterally.  Each  sends 
a  nerve  (figs.  3,  8,  an.n.)  to  the  antenna.  Above  these  and  on 
the  dorsal  side  is  a  pair  of  lobes,  the  frontal  lobes  which  are 
contiguous  with  each  other  in  the  median  line ;  these  belong- 
morphologically  to  the  tritocerebrum.  Posterior  to  these  in  the 
median  dorsal  line  of  the  cerebrum  a  single  median  nerve,  the 
ocellar  nerve  (figs.  3,  8,  oc.n.),  arises ;  this  runs  vertically  to  the 
ocelli.  A  pair  of  lobes,  which  correspond  to  Lowne's  thalami 
of  the  blow-fly,  are  situated  external  to  and  between  the  frontal 
and  antennal  lobes.  The  peduncles  of  the  optic  lobes  have  their 
origins  from  the  sides  of  the  procerebrum.  Each  optic  peduncle 
(fig.  8,  O.P.)  contains  three  ganglionic  masses  which  Hickson 
(1885)  has  termed  from  the  brain  peripherally  the  opticon,  epi- 
opticon  and  periopticon  (fig.  3,  P.O.)  respectively. 

The  Suboesophageal  ganglia  (fig.  3,  s.o.).  The  commissures 
uniting  the  supraoesophageal  ganglia  to  the  oesophageal  mass 
carmot  be  recognised  as  such,  owing  to  the  extreme  state  of 
cephalisation  of  the  cephalic  ganglia.  They  are  represented  b}' 
the  regions  of  the  oesophageal  foramen,  and  from  the  anterior 
side  of  each  of  them  arises  a  pharyngeal  nerve  (fig.  3,  ph.n.). 
From  the  ventral  side  of  the  suboesophageal  ganglia  a  pair  of 
nerves,  the  labial  nerves  (fig.  3,  Ib.n.),  arise  and  run  down  the 
proboscis,  innervating  the  muscles  of  that  organ ;  on  reaching 
the  oral  lobes  they  bifurcate  and  branch  freely,  supplying  the 
numerous  sense  organs  in  those  structures.  The  cortical  cells 
(Leydig's  Punktsuhstanz),  which  fill  up  the  spaces  between  the 
ganglia  and  form  an  investing  sheath  round  the  whole  ganglionic 
mass,  are  of  two  kinds.  The  smaller  cells  are  rounded,  their 
nuclei  are  large  in  proportion  to  the  protoplasm,  and  their  proto- 
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plasniic  fibres  anastomose  with  each  other.  Among  these  smaller 
cortical  cells,  and  also  occasionally  in  the  ganglionic  substance, 
large  ganglionic  cells  occur,  their  protoplasm  taking  the  stain 
very  readily.  Unipolar,  bipolar,  and  tripolar  ganglion  cells  are 
found. 

The  Eyes.  Each  eye  contains  about  4000  facets.  They  are 
similar  in  all  respects  to  the  eyes  of  the  blow-fly,  which  have 
been  fully  described  by  Hickson  {loc.  cit),  whose  results  my  study 
confirms ;  consequently  a  description  of  their  structure  will  not 
be  given.  It  should  be  noted  that,  in  spite  of  the  fact  that 
Hickson  corrected  many  mistaken  views  held  by  Lowne  in  his 
memoir  (1884),  these  are  repeated  in  his  later  monograph  of 
the  blow-flv. 

The  cephalo-thoracic  nerve  cord  (fig.  8,  c.n.)  unites  the 
cephalic  and  thoracic  ganglia.  Near  its  juncti(jn  with  the 
thoracic  ganglion  a  pair  of  cervical  nerves  (cer.n.)  arise,  inner- 
vating the  muscles  of  the  neck. 


PrC.    ms.d 


,  ab.n 

i  Ms.G.        1      Mt.G.       rnlcr 

Fig.  9.     Thoracic  compound  ganglia.     Left  aspect. 
Lettering  as  in  figs.  8  and  10. 

The  Thoracic  ganglion  (figs.  8,  9,  10)  is  pyriforra,  with  the 
broad  end  anterior,  and  rests  on  the  entothoracic  skeleton  of 
the  mesothorax.  As  in  the  cephalic  ganglion,  the  component 
ganglia  are  ensheathed  in  a  cortical  layer,  which  is  of  the  same 
nature  as  that  of  the  cephalic  ganglion.  The  nerves  of  the 
three  pairs  of  legs  (pr.cr.,  ms.cr.,  mt.cr.)  arise  from  three  large 
ganglia,  which  are  the  prothoracic  (Pr.G.),  mesothoracic  {Ms.G) 
and  metathoracic  (Mt.G.)  ganglia.  These  are  united  by  a  median 
longitudinal  band  of  nerve  tissue,  which  runs  dorsal  to  them,  and 
behind  the  metathoracic  ganglia  swells  out  into  a  ganglionic  mass 
(A.G.)  which  represents  the  abdominal  ganglia.  In  this  median 
dorsal  band  thcic  is  a  median  dorsal  fissure  stretching  posteriorly 
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from  above  the  middle  of  the  mesothoracic  ganglia.  The  doisal 
regions  of  the  mesothoracic  and  metathoracic  ganglia  show  gangli- 
onic swellings.  From  the  antero-dorsal  sides  of  the  prothoracic 
ganglia  a  pair  of  prothoracic  dorsal  nei'ves  (pr.d.)  arises  and  su])plies 
the  muscles  of  that  rejjion,  includin>j  those  of  the  anterior  thoracic 
spiracle.  The  nerves  supplying  the  mesothoracic  legs  (ms.ci\) 
arise  from  the  postero-ventral  sides  of  the  mesothoracic  ganglia. 
Between  the  mesothoracic  ganglia  there  is  a  median  ganglionic 


-ms.cr 


Fig.  10.  Thoracic  compound  ganglion  aftei'  the  removal  of  the  cortex.  Seen  from 
the  ventral  side.  This  and  fig.  9  were  drawn  from  models  reconstructed  from 
sections. 

Pr.G.,  Ms.G.,  Mt.G.  Pro-,  meso-,  and  meta-thoracic  ganglia.  A.G.  Abdominal 
ganglion.     Other  lettering  as  in  fig.  8. 


mass,  situated  slightly  dorsal,  from  the  middle  region  of  which 
the  nerve  fibres  of  the  large  pair  of  dorsal  mesothoracic  nerves 
(ms.d.)  arises ;  Lowne,  in  the  blow-fly,  calls  these  prothoracic. 
The  roots  of  these  nerves  are  broad  dorso-ventrally.  These  nerves 
innervate  the  stemo-dorsales  muscles  of  the  middle  region.  In 
this  median  mesothoracic  nerve  centre,  posterior  to  the  origin 
of  the  dorsal  mesothoracic  nerves,  the  fibres  of  a  pair  of  nerves, 
the  accessory  dorsal  mesothoracic  nerves  (ac.ms.),  have  their 
origin ;  externally  these  appear  to  arise  dorsal  to  the  roots  of 
the  mesothoracic  crural  nerves.     The  dorsal  metathoracic  nerves 
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(nit.d.),  which  innervate  the  halteres  and  are  the  largest  pair  of 
thoracic  nerves,  have  their  origin  from  the  median  dorsal  band 
in  front  of  the  metathoraeic  ganglia,  so  that  they  appear  to  be 
almost  meeothoracic  in  origin.  The  metathorax  crural  nerves 
(mt.cr.)  arise  from  the  posterior  ventral  sides  of  the  meta- 
thoraeic ganglia.  Posterior  to  these  a  pair  of  slender  nerves, 
the  accessory  dorsal  metathoraeic  nerves,  have  their  origin,  and 
innervate  the  muscles  at  the  posterior  end  of  the  thorax. 

The  dorsal  band  becomes  much  thinner  posterior  to  the 
abdominal  ganglion,  and  runs  into  the  abdomen  as  a  median 
abdominal  nerve  (ab.n.).  In  the  thorax  two  pairs  of  abdominal 
nerves  arise.  In  the  abdomen  the  abdominal  nerves  arise  alter- 
nately and  irregularly  from  the  median  abdominal  nerve.  The 
median  abdominal  nerve  finally  terminates  in  the  genitalia. 


The  Alimentary  System  (figs.  11  and  12). 

The  alimentary  canal  of  the  house-fly  is  shorter  than  that 
of  the  blow-fly,  and  also  than  that  of  Glossina  described  by 
Minchin   (1905),  and  slightly  longer  than  the    alimentary  tract 


oe.- 


FiG.  11.     Longitudinal  section  of  the  Alimentary  Canal  of  M.  domestica. 

ph.  Pharyngeal  suction  pump.  oe.  Oesophagus,  pt.  Ptilinum.  crj.  Supra-oeso- 
phageal  ganglion,  s.d.  Lingual  salivary  duct.  P]'.  Proventriculus.  U.  Ven- 
triculus.     C.  Crop.    p.i.  Proximal  intestine.     R.  Rectum,     r.ijl.  Rectal  gland. 

of  Stomoxys  described  by  TuUoch  (1906).  It  serves  as  a  good 
example  of  the  Muscid  digestive  canal.  It  is  of  a  suctorial 
character,   and   consists  of  pharpix,   oesophagus,  crop,  proventri- 
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-pint. 


reef 


-  -dint. 


Fig.  12.  The  alimentary  canal  as  it  is  seen  on  dissection  from  the  dorsal  side. 
The  malphigian  tubes  have  been  omitted,  and  also  the  distal  portion  of  the 
lingual  salivary  gland  [sl.g.)  of  the  right  side.  The  duct  of  the  crop  {Cr.)  is 
shown  by  the  dotted  line  beneath  the  proventriculus  {Pv.)  and  ventriculus 
{Ven.). 

p.int.  Proximal  intestine,     d.int.  Distal  intestine,     red.  Rectum. 
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cuius,  ventriculus  or  chyle  stomach,  proximal  and  distal  intestine 
and  rectum. 

The  Pharynx  has  already  been  described,  and  will  be  further 
refeired  to  in  the  detailed  description  of  the  head  (pp.  56  et  seq.). 
At  the  proximal  end  of  the  fulcrum,  where  the  oesophagus 
arises,  there  is  usually  a  small  mass  of  cells,  which  Kraepelin 
has  described  as  glandular,  but  which  I  believe  to  be  simply 
fat-cells. 

The  Oesophagus  (oes.)  commences  at  the  proximal  end  of  the 
pharynx,  and  describes  a  curve  before  passing  through  the 
oesophageal  foramen  in  the  cephalic  ganglion,  where  it  narrows 
slightly.  It  then  passes  through  the  cervical  region  into  the 
thorax  in  the  anterior  region  of  which  it  opens  into  the  pro- 
ventriculus  (Pv.)  continuous  with,  and  in  the  same  line  as  the 
oesophagus,  the  duct  leading  to  the  crop  (fig.  13,  d.cr.)  passes  along 
the  thorax  dorsal  to  the  thoracic  nerve-centre,  and  entering  the 
abdomen  it  leads  into  the  crop,  which  lies  on  the  ventral  side 
of  the  abdomen.  The  oesophagus  has  a  muscular  wall,  enclosing 
a  layer  of  flat  epithelial  cells,  and  is  lined  by  a  cuticular  intima, 
which  is  thrown  into  several  folds  at  the  anterior  end. 

The  Crop  {Or.)  is  a  large  bilobed  sac,  capable  of  considerable 
distension,  and  when  filled  with  the  liquid  food,  it  loses  its  bilobed 
shape  and  occupies  a  large  portion  of  the  antero-ventral  region 
of  the  abdomen.  Its  walls  exhibit  muscular  (unstriped)  fibres; 
the  fiat  epithelial  cells  have  a  very  thin  cuticle.  The  function 
of  the  crop  will  be  more  fully  described  later  when  an  account 
of  the  method  of  feeding  is  given.  Graham-Smith  has  shown 
(1910)  that  the  capacity  of  the  crop  of  M.  domestica  varies 
between  -003  and  -002  c.c. 

The  Proventricidus  (Pv.)  is  circular  and  flattened  dorso- 
ventrally.  Its  structure  will  be  understood  by  reference  to 
fig.  13.  In  the  middle  of  the  ventral  side  it  opens  into  the 
oesophagus,  and  on  the  dorsal  side  the  outer  wall  is  continued 
as  the  wall  of  the  ventriculus  (Ven.).  The  interior  is  almost 
filled  up  by  a  thick  circular  plug  (Pv.p.),  the  cells  of  which 
have  a  fibrillar  structure,  and  is  pierced  through  the  centre  by 
the  oesophagus.  The  neck  of  the  plug  is  surrounded  by  a  ring 
of  elongate  cells,  external  to  which  the  wall  of  the  proventriculus 
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begins,  and,  enclosing  the  plug  at  the  sides  and  above,  it  merges 
into  the  wall  of  the  ventriculus.  T  do  not  agree  with  Lowne, 
who  regards  the  proventriculus  as  "a  gizzard  and  iidthin^  more," 
but  its  structure  suggests  a  pumping  function  and  also  that  of 
a  valve.  This  interpretation  of  a  combined  pump  and  valve 
operated  at  will  by  the  fly  is  supported  by  the  fly's  method  of 
feeding  and  regurgitating  its  food,  which  habits  will  be  described 
later  (p.  80). 

On  the  dorsal   side   of  the  oesophagus,  at   its  junction   with 
the  proventriculus,  a  small  ganglion,  the  proventriculai-  ganglion 

Pv.  . 

9-^-        Ven. 


OQS. 


■^  -■*'-        ^  .  dec 


Fig.  13.  Section  through  the  proventriculus  and  the  anterior  end  of  the  ventri- 
culus, to  show  the  structure  of  the  proventricular  plug  (Pep.)  and  the  ducts  of 
the  oesophagus  (oes.)  and  crop  ((Lcr.).     (Camera  lucida  drawing.) 

(Pv.g.)  lies,  communicating  by  means  of  a  fine  nerve  with  the 
cephalic  ganglion;  this  forms  a  part  of  the  sympathetic  or  visceral 
nervous  system. 

The  Ventriculus,  or  Chyle  Stomach  (Veil.),  represents  the  an- 
terior region  of  the  mesenteron,  the  posterior  region  of  the  latter 
being  formed  by  the  proximal  intestine.  It  is  narrow  in  front, 
and  widest  in  the  posterior  region  of  the  thorax,  where  it  again 
narrows  in  passing  through  the  thoraco-abdominal  foramen  into 
the  abdomen  to  become  the  proximal  intestine.  Except  in  the 
anterior  and  posterior  regions,  where  columnar  cells  compose  the 
digestive  epithelium,  the  walls  of  the  ventriculus  are  thrown  into 
a  number  of  transverse  folds,  which  are  again  subdivided  longi- 
tudinally, the  result  being  the  formation  of  small  crypts  or  sacculi, 
which  are  lined  by  large  cells.  These  sacculi  correspond  to  the 
digestive  coeca  of  other  insects. 
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The  Proximal  Intestine  (j).int.)  is  the  hmgest  region  of  the 
gut.  It  varies  in  length  considerably.  In  the  normal-sized  con- 
dition its  course  is  as  follows :  Beginning  at  the  anterior  end  of 
the  abdomen,  it  runs  dorsally  beneath  the  heart  to  the  posterior 
region,  where  it  curves  downwards,  turns  to  the  left,  and  runs 
forward  for  a  short  distance,  curving  to  the  right,  where  it 
doubles  back  transversely  to  the  left.  Here  it  doubles  sharply 
back  to  the  right,  from  whence  it  runs  forward  for  a  little  way 


Fig.  14.  The  posterior  region  of  the  alimentary  canal,  to  show  the  rectal  glands 
{rect.gl.)  with  their  tracheal  supply,  the  origin  of  the  malpighian  tubes  {nialp.), 
and  the  position  of  the  rectal  valve  indicated  at  X. 

and  crosses  over  to  the  left.  Curving,  it  runs  posteriorly  to 
become  the  distal  intestine.  Its  walls  are  lined  by  an  epithelium 
of  large  columnar  cells. 

The  Distal  Intestine  (d.  int.).  The  junction  of  this  with  the 
proximal  intestine  is  marked  by  the  entrance  of  the  ducts  of 
the  malpighian  tubes.  It  runs  posteriorly  and  curves  dorsally 
and  forwards  to  becon>e  the  rectum,  from  which  it  is  separated 
by  a  cone-shaped  valve,  the   rectal  valve,  the   position  of  which 
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is  marked  externally  (fig.  14,  X.).  The  epithelium  of  the  distal 
intestine  consists  of  small  cubical  cells,  which  project  into  the 
lumen,  and  are  covered  by  a  fairly  thick  chitinous  intima.  The 
epithelial  wall  of  the  distal  intestine  is  throNvn  into  usually  about 
six  longitudinal  folds. 

The  Rectum  {red.)  is  composed  of  three  parts,  an  anterior 
region,  an  intermediate  region  which  is  swollen  to  form  the 
rectal  cavity,  and  a  .shorter  region  posterior  to  this  which  opens 
externally  by  the  anus.  The  anterior  region  is  lined  by  cubical 
cells,  whose  internal  faces  project  into  the  lumen  of  the  rectum, 
and  give  the  chitinous  intima  a  tuberculated  structure.  The 
intermediate  region,  w'hich  forms  the  rectal  cavity,  contains  the 
four  rectal  glands  {rect.gl.).  Its  walls  are  lined  by  a  thin  cuticle 
supported  by  a  flattened  epithelium.  The  posterior  portion  of 
the  rectum  is  short,  and  has  thick  muscular  walls.  The  cuticular 
intima  is  continuous  with  that  of  the  external  skeleton. 


Salivary  glands. 

There  are  two  sets  of  salivary  glands — a  pair  of  labial  and 
a  pair  of  lingual  glands.  The  structure  of  the  labial  glands  will 
be  described  in  the  account  of  the  anatomy  of  the  head  (p.  63). 

The  Lingual  Glands  (fig.  12,  sl.g.),  though  considerably  longer 
than  the  total  length  of  the  body,  are  of  the  simplest  tubular 
type.  They  are  of  uniform  width  throughout  their  whole  length, 
except  the  slightly  swollen  blind  termination.  These  blind  ends 
lie  one  on  each  side  of  the  ventral  and  posterior  region  of  the 
abdomen,  generally  embedded  in  the  fat  body.  They  take  a 
sinuous  course  forwards  through  the  abdomen  into  the  thorax, 
where  they  run  alongside  the  ventriculus.  At  the  sides  of  the 
proventriculus  they  are  thrown  into  several  folds,  wdiich  appear 
to  be  quite  constant  in  character.  They  pass  forwards  at  the 
sides  of  the  oesophagus,  and  on  entering  the  cervical  region 
the  ducts  lose  their  glandular  character  and  assume  a  spiral 
thickening;  before  leaving  the  cervical  region  the  two  ducts 
unite  below  the  oesophagus,  and  the  single  median  duct  enters 
the  head  ventral  to  the  cephalothoracic  nerve  cord  and  runs 
direct  to   the  proximal   end  of  the  hypopharynx,  at  the  end  of 
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which  it  opens.  A  short  distance  before  entering  the  hypo- 
pharynx  the  salivary  duct  (fig.  3,  sal.d.)  is  provided  with  a  small 
valve  controlled  by  a  pair  of  fine  muscles  {s.m.)  which   serve   to 
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Fig.  16. 


Fig.  15. 


Fig.  16. 


Transverse  section  of  the  lingual  salivary  gland,  showing  the  fibrillar 
character  of  the  gland  cells,      x  220.     (Camera  lucida  drawing.) 


Vertical  section  of  one  of  the  rectal  glands,  to  show  its  structure. 
(Camera  lucida  di'awing.) 

sh.  Perforate  chitinous  sheath,     r.gl.  Gland  cell.     tr.  Trachea. 


X.56. 


regulate  the  flow  of  the  salivary  secretion.  The  glands  are  com- 
posed of  glandular  cells  (fig.  15),  which  are  convex  externally  and 
have  a  fibrillar  appearance  in .  section.  No  vacuoles  have  been 
found  in  the  cells. 


The  raalpighian  tubes. 

A  pair  of  malpighian  tubes  (fig.  14,  malp.)  arise  at  the  point 
of  junction  of  the  proximal  and  distal  intestines,  that  is,  where 
the  mesenteron  joins  the  proctodaeum.  Each  malpighian  tube 
is  shortly  divided  at  an  angle  of  180°  into  two  malpighian  tubules. 
The  malpighian  tubules  are  very  long  and  convoluted,  and  inti- 
mately bound  up  with  the  diffuse  fat  body,  so  that  it  is  a  matter 
of  considerable  difficulty  to  dissect  them  out  entire.  They  have 
a  moniliform  appearance  and  are  of  uniform  width  throughout ; 
never  more  than  two  cells  can  be  seen  in  section.  They  are 
generally  yellowish  in  colour.  As  in  most  insects,  they  are  un- 
doubtedly of  an  excretory  nature,  as  the  contents  of  the  cells 
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and  tubules  show.  Lowne's  view  that,  in  the  blow-fly,  they  are 
of  the  nature  of  a  hepato-pancreas  is  untenable  on  both  morpho- 
logical and  physiological  grounds. 

The  rectal  glands. 

The  four  rectal  glands  (rect.gl.)  are  arranged  in  two  pairs, 
two  each  side  of  the  rectal  cavity.  Each  rectal  glanfl  (fig.  16) 
has  a  conical  or  pyriform  apex  with  a  swollen  circular  base.  It 
is  composed  of  a  single  layer  of  large  columnar  cells  {r.gl.) ;  the 
papilla  is  hollow  and  its  cavity  is  in  communication  with  the 
general  body  cavity.  It  is  covered  externally  by  a  perforate 
chitinous  sheath  (sh.),  which  is  continuous  with  the  intima  of 
the  rectum.  A  number  of  tracheae  (t7\)  enter  the  cavity  of  each 
gland,  and  fine  tracheae  may  be  found  penetrating  the  wall.  The 
cavity  of  the  gland  is  filled  with  a  loose  tissue  of  branching  cells. 
As  the  gland  is  capable  of  pulsation,  there  is  no  doubt  a  constant 
interchange  of  blood  between  the  cavity  of  the  gland  and  the 
body  cavity  (which  is  a  haemocoel).  By  this  means  waste  pro- 
ducts may  be  extracted  fi-om  the  blood  by  the  large  gland  cells 
and  excreted  into  the  rectum  through  the  pores  on  the  external 
sheath  of  the  gland.  The  rich  supply  of  tracheae  probably 
assists  the  cells  in  the  process  of  excretion,  as  we  find  the 
tracheae  very  numerous,  and  intimately  connected  with  the 
malpighian  tubules. 

The  Respiratory  System. 

The  respiratory  or  tracheal  system  is  developed  to  a  very 
great  extent  in  the  fly  and  occupies  more  space  than  any  other 
anatomical  structure.  Only  by  dissection  of  the  freshly-killed 
insect  can  one  obtain  a  true  conception  of  its  development  and 
importance.  It  consists  of  tracheal  sacs  of  varying  size,  ha\dng 
extremely  thin  walls  and  tracheae  which  may  arise  from  the  sacs, 
or,  in  the  case  of  the  abdominal  tracheae,  independently  fi:-om 
the  spiracles. 

The  Anterio7'  Thoracic  Spiracles  (figs.  G,  17,  a.th.).  Each  is 
a  large  vertical  opening  behind  the  humeral  sclerite  and  above 
the    anterior   legs.      It   is    surrounded   by  a  chitinous    ring,   the 
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peritreme,  and  the  opening  is  guarded  by  a  number  of  dendritic 
processes  which  prevent  the  entrance  of  dust  and  other  foreign 
bodies.  It  leads  into  a  shallow  chamber  or  vestibule  which 
communicates  with  the  rest  of  the  spiracular  system  through 
a  valvular  aperture. 

The  anterior  thoracic  spiracles  supply  the  whole  of  the  head, 
the  anterior  and  median  regions  of  the  thorax,  the  three  pairs 
of  legs,  and  by  means  of  the  abdominal  air  sacs  a  large  part  of 
the  viscera. 

Internal  to  the  valve  the  tracheal  system  divides.  The 
tracheal  sacs  springing  from  the  posterior  side  are  as  follows : 
Ventrally  a  rather  narrow  tracheal  duct  leads  into  a  sac — the 
anterior  ventral  thoracic  sac  (fig.  17,  a.v.s.) — situated  at  the 
side  of  the  thoracic  ganglion  which  it  supplies.  Above  the 
origin  of  this  another  tracheal  duct  leads  to  a  vertical  sac  sup- 
plying the  anterior  sterno-dorsales  muscles.  Dorsally  the  ducts 
of  two  sacs  take  their  origin;  the  smaller  and  more  dorsal  is 
a  flat  sac  closely  apposed  to  the  anterior  ends  of  the  dorsales 
muscles  (do.)  which  it  supplies;  the  more  ventral  of  the  two  is 
one  of  the  two  most  important  branches  of  the  anterior  thoracic 
spiracle  (the  other  being  the  branch  supplymg  the  head).  In 
the  thorax  it  takes  the  form  of  an  elongated  sac  lying  below  the 
dorsales  muscles,  and  by  the  side  of  the  alimentary  canal.  From 
the  dorsal  side  of  this  the  longitudinal  thoracic  sac  {l.tr.s.)  a 
number  of  branches  arise  Avhich  supply  the  lower  dorsales  muscles. 
It  is  constricted  about  the  middle  of  its  length  and  anterior  to 
the  constriction  a  branch  is  given  off  which  supplies  the  ventral 
portion  of  the  median  sterno-dorsales  muscles.  In  the  posterior 
region  of  the  thorax  another  ventral  branch  is  given  off  from 
which  branches  arise,  one  supplying  the  ventral  portions  of  the 
posterior  sterno-dorsales  muscles,  the  other  opening  into  the  pos- 
terior ventral  thoracic  sac  (p.v.s.)  which  supplies  the  intermediate 
and  posterior  legs. 

The  longitudinal  thoracic  sac  then  narrows,  and  passes  through 
the  thoraco-abdominal  opening  into  the  abdomen.  In  the  abdo- 
men it  immediately  dilates  to  form  one  of  the  large  abdominal 
air-sacs  (ab.s.).  The  pair  of  abdominal  air-sacs  in  some  cases 
occupies  about  half  the  total  space  of  the  abdomen.     When  the 
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fat-body  is  not  greatly  developed  they  occupy  almost  the  whole 
of  the  basal  portion  of  the  abdomen.  They  give  off  internally 
a  large  number  of  tracheae  which  ramify  among  the  viscera 
and  provide  a  large  portion  of  the  contents  of  the  abdomen 
with  air. 

From    the    anterior    side   of  the  anterior   thoracic  spiracle   a 


Fig.  18.  The  tracheal  sacs  supplied  by  the  posterior  thoracic  spiracle.  In  this 
figure  the  left  side  of  the  thorax  has  been  removed,  together  with  the  wing 
muscles  and  the  posterior  sterno-dorsales.  It  must  be  imagined  that  this 
figure  is  superimposed  on  fig.  17. 

do.  Dorsales.  l.th.s.  Lateral  thoracic  sac.  m.v.s.  Median  ventral  sac. 

p.th.    Posterior  thoracic   spiracle.  sc.s.    Scutellar   sac.  st.do.    Stenao- 

dorsales. 

flattened  sac  arises.  On  its  ventral  side  this  sfives  off  a  branch 
which  supplies  the  muscles  of  the  neck  and  the  anterior  leg.  The 
sac  then  narrows  into  a  rather  thick-walled  cervical  tracheal  duct 
{c.tr.),  which  passes  through  the  neck  alongside  the  cephalo- 
thoracic  nerve-cord  and  enters  the  head. 

Tracheal  Sacs  of  the  Head.     The  tracheal  sacs  of  the  head 
occupy  the  greater  portion  of  the  head  capsule.     They  entirely 
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fill  up  all  the  space  which  would  otherwise  l)c  haemococl.  These 
tracheal  sacs  are  supplied  by  the  tracheal  ducts  which,  on  entering 
the  head  capsule,  curve  dorsally  behind  the  cephalic  ganglion. 
Before  curving  upwards  each  gives  off  a  large  ventral  duct  (fig.  19, 
tn.d.)  which  spreads  out  beneath  the  cephalic  ganglion,  forming  a 
structure  of  a  tentorial  nature  upon 
which  the  ganglion  rests.  The  dorsal 
cephalic  ducts  unite  behind  the  ce- 
phalic ganglion  above  the  oesophagus. 
From  the  point  of  junction  three 
ducts  arise,  two  lateral  ducts  and  a 
median  dorsal    duct.      The    median 

dorsal  duct  (m.d.)  opens  into  a  large     tj,^    m      t>    ^    ■  *•   *i 

^  .  o         riG.    19.      Posterior   view    ot    the 

bilobed    dorso-cephalic   sac   lying   on  tracheal  duets  which  supply  the 

r.   . ,  ,  •  1  .  cephalic  sacs  and  tracheae. 

top   of   the   ganglion,  and   occupying      ,..(,..  Cervical  tracheae  which  fuse 

the  dorsal  region  of  the  head  capsule.        ^^^^'^  the  oesophagus  on  the  pos- 

.  II-  terior  side  of  the  cephalic  gang- 

It  gives  off  branching  tracheal  twigs        lion.  l.d.  Lateral  duct. 

supplying  the  antero-doi-sal  portion        'll^^^l^  tt  which 

of    the   optic   ganglion   (periopticon).  spread  out  beneath  the  cephalic 

Each  of  the  lateral  ducts  (l.d.)  sup-  ^^"^  ^°^^' 
plies  the  posterior  cephalic  sacs.  It  first  communicates  with  a 
sac  (fig.  17,  p.c.s.)  lying  behind  the  dorsal  portion  of  the  optic 
ganglion  to  which  it  gives  off  a  large  number  of  tracheal  twigs. 
This  sac  opens  into  an  elongate  vertical  sac  which  occupies  the 
ventro-posterior  region  of  the  head  capsule.  The  remaining 
tracheal  sacs  of  the  head  are  supplied  by  the  tentorial  tracheal  ducts 
(fig.  Id, tn.d.), which  spread  out  beneath  the  cerebrum  in  a  fan-shaped 
manner  and  are  bilaterally  distributed.  Each  half,  in  addition  to 
giving  off  internally  tracheal  twigs  to  the  optic  ganglia,  communi- 
cates with  two  tracheal  sacs.  An  internal  duct  leads  into  a  large 
spherical  sac,  the  anterior  cephalic  sac  (fig.  17,  a.c.s.),  situated  in  the 
anterior  region  of  the  head  dorsal  to  the  fulcrum.  From  the  dorsal 
side  of  this  sac  a  branch  is  given  off  which  supplies  the  antenna  of 
its  side;  the  ventral  side  is  continued  down  the  fulcrum  as  a  narrow 
tracheal  sac.  The  lateral  portion  of  the  tentorial  tracheal  duct  opens 
into  the  ventro-lateral  cephalic  sac  (v.s.c.)  situated  posterior  to  the 
optic  ganglion.  The  lower  end  of  this  sac  gradually  narrows  as  it 
enters  the  rostrum  which  it  traverses,  giving  off  half-way  along 
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its  length  a  trachea  which  supplies  the  palp  of  that  side.  On 
reaching  the  haustellum  it  takes  the  form  of  a  trachea  proper, 
having  annular  thickenings.  Shortly  after  entering  the  haus- 
tellum it  gives  off  two  branches  to  the  muscles  of  this  region. 
The  main  trachea  is  continued  into  the  oral  lobe  of  its  side, 
where  it  divides  into  anterior  and  posterior  branches,  and  these 
again  divide  into  numerous  small  tracheae  running  to  the  edges 
of  the  oral  lobes.  Lowne,  in  his  description  of  the  tracheal 
system  of  the  blow-fly,  describes  and  figures  the  tracheal  supply 
of  the  proboscis  as  being  of  the  nature  of  tracheal  sacs  and 
capable  of  distension;  he  also  describes  a  trefoil-shaped  tracheal 
sac  at  the  base  of  the  oral  lobes  giving  off  very  regular  branches, 
the  dilation  of  which,  he  claims,  causes  the  inflation  and  tension  of 
the  oral  lobes.  The  mechanism  of  the  proboscis  will  be  discussed 
later  (p.  62),  but  it  may  be  noticed  here  that  in  M.  domestica 
there  is  no  trace  of  a  trefoil-shaped  sac  at  the  base  of  the  oral 
lobes,  and  that  all  the  tracheal  structures  of  this  the  haustellum 
region  are  definite  annular  tracheae,  and  therefore  incapable  of 
distension. 

The  Posterior  Thoracic  Spiracle  (figs.  6,  18,  p.th.)  is  trian- 
gular in  shape  and  is  guarded  by  dendritic  processes.  The 
tracheal  sacs  of  this  system  (fig.  18)  have  not  the  extended 
range  of  those  supplied  by  the  anterior  thoracic  spiracle,  but 
are  confined  to  the  thorax,  chiefly  in  the  median  and  posterior 
regions  which  are  not  aerated  to  any  great  extent  by  those  of 
the  other  system.  They  supply  chiefly  the  large  muscles  of 
the  thorax.  Laterally  a  series  of  sacs  (l.th.s.)  extends  antero- 
dorsally  in  an  oblique  direction,  external  to  the  stemo-dorsales 
muscles,  to  the  humeral  region.  From  the  first  of  these  sacs 
a  large  number  of  tracheal  twigs  arise  and  supply  the  muscles 
of  the  wing  and  the  anterior  sterno-dorsales  muscles.  Ventral 
to  this  sac  a  large  sac  (m.v.s.)  penetrates  internally  between  the 
anterior  and  median  stemo-dorsales  muscles  and  supplies  the 
lower  dorsales  muscles. 

From  the  dorsal  side  of  the  distributing  sac  a  number  of 
sacs  arise,  some  of  which  penetrate  between  the  sterno-dorsales 
muscles  and  supply  the  upper  dorsales  muscles.  A  more  pos- 
terior set  supplies  the  posterior  regions  of  the  dorsales  muscles, 
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ramifying  between  them  in  a  very  extensive  manner,  some  ulti- 
mately terminating  in  the  tracheal  sacs  beneath  the  scutum  and 
the  scutellar  sac  (sc.s.). 

The  Abdominal  Spirctcles  differ  in  number  in  the  two  sexes. 
In  the  male  there  are  seven  pairs  of  abdominal  spiracles ;  in  the 
female  I  have  only  been  able  to  find  five  pairs.  In  both  sexes 
each  of  the  large  tergal  plates  which  cover  the  abdomen  has  near 
its  lateral  margin  a  small  circular  spiracle.  The  first  abdominal 
segment  which  has  fused  with  the  second  pair  has  a  pair  of  small 
spiracles  (see  fig.  22)  slightly  anterior  to  those  of  the  second  (ap- 
parent first)  abdominal  segment.  In  addition  to  these  the  male 
possesses  two  pairs  of  spiracles  in  the  membrane  at  the  lateral 
extremities  of  the  rudimentary  sixth  and  seventh  abdominal  seg- 
ments (see  fig.  25).  In  the  female  I  have  been  unable  to  find 
any  additional  spiracles.  Each  of  the  abdominal  spiracles  is 
provided  with  a  vestibule  and  atrium  which  are  separated  by 
a  valve  controlled  by  a  minute  chitinous  lever.  All  the  spiracles 
of  the  abdomen  communicate  with  tracheae  which  ramify  among 
the  viscera  and  fat-body.  There  are  no  tracheal  sacs  in  connec- 
tion with  these  spiracles. 


The  Vascular  System  and  Body  Cavity. 

By  the  great  development  of  the  tracheal  sacs  in  the  head, 
the  muscles  in  the  thorax,  and  the  fat-body  and  air-sacs  in  the 
abdomen,  the  haemocoelic  space  in  the  fly  is  greatly  reduced. 
The  blood  is  colourless,  and  is  crowded  with  corpuscles,  mostly 
containing  substances  of  a  fatty  nature. 

The  Fat-body  varies  greatly  in  the  extent  of  its  development. 
In  some  cases  it  may  almost  fill  the  body-cavity,  pushing  the 
intestine  back  into  a  postero-dorsal  position :  this  is  generally 
the  case  in  flies  before  hibernating;  in  other  cases  it  may  be 
only  moderately  developed.  The  fat-body  receives  a  very  rich 
tracheal  supply,  and  stores  the  products  of  digestion  which  are 
conveyed  to  it  by  the  blood  with  which  it  is  bathed.  It  consists 
chiefly  of  very  large  cells,  both  uninucleate  and  nmltinucleate  ; 
the  fat-cells  of  the  head  are  not  so  large. 

The  Dorsal   Vessel  or  Heart  lies  in  the  pericardial  chamber, 


48  THE    INTERNAL   STRUCTURE   OF   MUSCA    DOMESTICA 

immediately  beneath  the  dorsal  surface.  It  extends  from  the 
posterior  end  to  the  anterior  end  of  the  abdomen,  and  four  large 
chambers,  corresponding  to  the  four  visible  segments,  and  a  small 
anterior  chamber  can  be  recognised ;  the  last  represents  the 
chamber  of  the  first  abdominal  segment.  The  chambers  arc 
not  separated  by  septa,  but  each  has  a  pair  of  dorso-lateral 
ostia  situated  at  its  posterior  end  where  the  alar  muscles  of  the 
pericardium  arise.  The  walls  of  the  heart  are  composed  of  large 
cells.  The  pericardium  contains  fat-cells  and  tracheae,  and  its 
floor  is  composed  of  large  cells  of  a  special  nature.  The  alar 
muscles  run  laterally  in  the  floor  of  the  pericardium  to  the  sides 
of  the  dorsal  plates  where  they  are  inserted.  The  anterior  end 
of  the  heart  is  continued  as  a  narrow  tube  (fig.  13,  d.a.)  along 
the  dorsal  side  of  the  ventriculus,  where  it  terminates  in  a  mass 
of  cells  {l.g.)  which  are  usually  considered  to  be  of  a  lymphatic 
nature. 

The  Reproductive  System. 

The  two  sexes  are  slightly  different  in  size,  the  females  being 
larger  than  the  males;  the  sexual  dimorphism  of  the  width  of 
the  frontal  region  of  the  head  has  already  been  noticed.  There 
does  not  appear  to  be  any  great  disparity  in  the  numerical  pro- 
portions of  the  sexes;  near  breeding-places  there  is  naturally 
a  preponderance  of  females,  but  in  houses  the  sexes  are  approxi- 
mately equal  in  number.  In  this  respect  they  differ  from  the 
lesser  house-fly  Fannia  canicularis. 

The  female  reproductive  organs. 

The  generative  organs  of  the  female  consist  of  ovaries,  sperma- 
thecae  or  vesiculae  seminales,  accessory  glands  and  their  ducts. 

The  Ovaries,  when  containing  mature  ova,  occupy  the  greater 
part  of  the  abdominal  cavity  (fig.  20,  ov.).  They  lie  ventral  to 
the  gut,  occupying  the  whole  of  the  ventral  and  lateral  regions, 
the  gut  resting  on  the  V-shaped  hollow  between  them.  Each 
ovary  contains  about  seventy  ovarioles,  in  each  of  which  ova  in 
various  stages  of  development  can  be  seen.  The  two  short  thin- 
walled  oviducts  (ov.d.)  unite  on  the  ventral  side  of  the  abdomen 


FEMALE  REPRODUCTIVE  ORGANS 


49 


to  form  the  common  oviduct  {c.o.d).  The  walls  ui'  the  common 
oviduct  are  muscular,  and  when  the  ovipositor  is  in  a  state  of 
rest,  retracted  into  the  abtluminal  cavity,  the  oviduct  curves 
forwards  and  dorsal ly  to  enter  the  ovipositor  (ovj).)  ventral  to 
the   rectum   (red.).     Here   it   swells   slightly   to   form  a  sacculus 


icg.- 


Fig.  20.  Female  reproductive  organs  in  sittl ;  the  left  ovary  and  the  viscera  have 
been  removed.  The  ovipositor  (ocp.)  is  shown  retracted,  in  which  state  the 
common  oviduct  {c.o.d.}  is  doubled  back. 

ac.g.  Accessory  gland.  a.c.v.  Accessory  copulatory  vesicle.  or.  Ovaiy  com- 

posed of  about  seventy  ovarioles,  and  containing  ova  in  various  stages  of 
development.  ov.d.  Oviduct.  retr.m.  Retractor  muscles  of  the  ovipositor. 
up.  Spemiathecae  or  vesiculae  seminales. 


(fig.  21,  sac),  which  leads  into  the  muscular  vagina  (vag.).  The 
vagina  opens  into  the  ventral  side  of  the  ovipositor  immediately 
behind  the  sub-anal  plate. 

The  Spermathecae  (sp.)  or  Vescicutae  Seminales  are  three  in 
number,  two  on  the  left  side  and  a  single  one  on  the  right. 
Each  consists  of  a  small  black,  oviform,  chitinous  capsule,  the 
lower  half  of  which  is  surrounded  by  a  follicular  investment 
continuous  with  the  cellular  wall  of  the  duct,  the  whole  having 
the  appearance  of  an  acorn  with  a  long  stalk.  The  ducts  of  the 
spermathecae  are  lined  by  a  thin  chitinous  intima  continuous 
with  the  chitinous  capsule,  and  they  open  at  the  posterior  end 
of  the  sacculus  on  the  dorsal  side. 

i 
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There  is  a  single  pair  of  accessory  glands  (ac.g.)  which  are 
fairly  long,  and  on  nearing  the  vagina  they  become  narrower  to 
form  a  slender  duct  which  opens  on  the  dorsal  side  of  the  vagina 
immediately  behind  the  ducts  of  the  spermathecae.  The  accessory 
glands  are  closely  united  with  the  fat-body.  They  probably 
secrete  the  adhesive  fluid  which  covers  the  eggs  when  they  are 


sp. 


Fig.  21.  Terminal  region  of  tlie  female  reproductive  organs,  showing  the  accessory- 
glands,  etc. 

sac.  Sacculus.  vag.  The  muscular  vagina  which  evaginates  during  copulation  ; 

a  pair  of  retractor  muscles  are  shown.     Other  lettering  as  in  fig.  20. 

laid,  and  causes  them  to  adhere  to  each  other  and  to  the  material 
upon  which  they  are  deposited.  Behind  the  accessory  glands  there 
is  a  pair  of  thin-walled  transparent  vesicles  (tasche  dell'  ovidutto  of 
Berlese),  which  I  propose  to  name  the  accessory  copulatory  vesicles 
(a.c.v.)  on  account  of  the  part  they  take  in  ensuring  firm  coitus 
with  the  male  when  copulating,  during  which  process  they  expand 
to  a  much  greater  extent. 

TJie  ovipositor  (fig.  22). 

The  terminal  abdominal  segments  of  the  female  are  much 
reduced  in  size  to  form  a  tubular  ovipositor,  the  chitinous  sclerites 
being  reduced  to  form  slender  chitinous  rods.     When  extended  it 
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equals  the  abdomen  in  length.  It  is  composed  of  segments  vi,  \ii, 
viii,  and  ix,  each  being  separated  from  the  adjacent  segments  l>v 
an  extensible  intersegmental  UHiabrane,  which  is  covered  with 
fine  spines.     When  the  ovipositor  is  retracted  (fig.  20,  ovp.)  it  lies 


.y.d 


VIII.K 


su.p.(\K.d.) 


.V\d 


Fig.  22.     Abdomen  of  female  showing  the  extended  ovipositor. 

V,  d.  to  ix,  d.  Fifth  to  ninth  dorsal  arches  or  plates  of  the  abdomen.  v,  v.  to 

viii,  r.  Fifth  to  eighth  ventral  plates  or  arches.  .sii.p.  The  suranal  plate 

(ninth  dorsal  arch). 

The  anus  is  situated  between  the  two  lateral  terminal  tubercles. 
in  the  interior  of  the  posterior  end  of  the  abdomen,  the  segments 
being  telescoped  the  one  within  the  other,  so  that  only  the  terminal 
tubercles  are  visible  from  the  exterior.  The  dorsal  arch  of  the 
sixth  abdominal  segment  is  reduced  to  a  A-shaped  sclerite  (vi,  d) 
lying  on  the  dorsal  side  of  the  segment.     The  ventral  arch  of  this 
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segment  is  reduced  to  a  slender  chitinous  rod  (vi,  v.)  in  the  mid- 
ventral  line.  The  dorsal  arch  of  the  seventh  segment  is  represented 
by  two  slightly-curved  sclerites  (vii,  d.)  with  their  concave  faces 
opposite ;  the  ventral  arch  (vii,  v.)  is  similar  to  that  of  the  sixth 
segment.  At  the  junction  of  the  posterior  ends  of  the  sixth  and 
seventh  segments  with  the  inter-segmental  membranes  succeeding 
them  there  are  several  setose  tubercles  arranged  more  or  less  in 
pairs,  but  they  vary  in  development  in  different  individuals.  The 
dorsal  arch  of  the  eighth  segment  consists  of  two  parallel  and 
slender  sclerites  (viii,  d.),  not  so  narrow  as  those  of  the  two  pre- 
ceding segments.  A  pair  of  slender  sclerites  (viii,  v.)  also  represents 
the  ventral  arch.  The  terminal  anal  segment,  which  I  consider 
represents  the  reduced  ninth  segment,  has  a  dorsal  chitinous 
sclerite,  the  sub-anal  plate  (su.p.)  which  is  triangular  in  shape,  and 
a  ventral  sub-anal  plate  of  the  same  shape.  The  female  genital 
aperture  is  situated  at  the  anterior  end  of  the  latter  plate,  between 
the  eighth  and  anal  (ninth)  segments.  A  pair  of  terminal  setose 
tubercles  is  situated  laterally  at  the  apex  of  the  anal  segment. 


The  male  reproductive  orrjans. 

The  male  reproductive  organs  (fig.  23)  are  situated  ventral  to 
the  alimentary  canal,  and  lie  within  the  fifth  abdominal  segment. 
They  consist  of  a  pair  of  testes,  vasa  deferentia,  ejaculatory  duct 
and  sac,  and  the  terminal  penis.  There  are  no  accessory  genital 
glands  in  the  male. 

The  Testes  (te.)  are  a  pair  of  brown  pp-itbrm  bodies,  with  their 
long  axes  placed  transversely,  and  their  pointed  ends  facing.  In 
young  males  they  have  a  bright  red  appearance.  They  are  covered 
with  a  follicular  investment  of  cells,  which  varies  in  thickness 
apparently  according  to  age.  The  thin  bro^vn  chitinous  capsules 
contain  the  developing  spermatozoa.  The  pointed  end  of  each 
testis  is  continued  as  a  fine  vas  deferens  (v.d.)  which  meets  that  of 
the  other  testis  in  the  median  line,  where  they  open  into  the 
common  ejaculatory  duct  (d.e.).  This  runs  forwards  for  a  short 
distance,  and  then  bends  to  the  left  ventrally,  and,  after  several 
convolutions  on  the  left  ventral  side  of  the  abdomen,  the  duct 
narrows  considerably,  forming  a  narrow   ejaculatory  duct.     This 
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crosses  over  the  dorsal  side  of  the  rectum  to  the  rigbt  side,  where 
it  runs  forwards  for  a  short  distance  and  then  curves  back  in  the 
median  ventral  line,  opening  into  a  pyriform  ejaculatory  sac  (e.s.). 
The  walls  of  this  ejaculatory  sac  are  muscular,  longitudinal  nmsclea, 
giving  the  walls  a  striated  appearance.     It  contains  a  pliyllit'oi'm^ 


de-Cy 


_^_  -pqqI^^ 


'i\m:^ 


Fig.  23.     The  male  reproductive  organs.     They  have  been  slightly  spread  out,  and 
the  rectum  {rect.)  has  been  turned  over  to  the  right  side. 

d.e.  Ejaculatory  duct.  e.a.  Ejaculatory  apodeme.  e.s.  Ejaculatory  sac. 

te.  Testis.         v.d.  Vas  deferens. 

chitinous  sclerite — the  ejaculatory  apodeme  (e.a.)  which  has  a  short 
handle  at  the  broad  end.  This  sclerite  is  no  doubt  of  gTeat  assist- 
ance in  propelling  the  seminal  fluid  along  the  ejaculatory  duct 
during  copulation.  A  short  distance  behind  the  ejaculatory  sac 
the  duct  opens  into  the  penis. 


The  male  gonapophyses. 

The  extremity  of  the  abdomen  in  the  male  (fig.  24)  has  under- 
gone considerable  modification  in  the  formation  of  the  external 
genitalia.  The  visible  portion  of  the  abdomen,  as  seen  from  above, 
consists  of  the  first  five  abdominal  segments ;  the  remaining  three 
segments  are  slightly  withdrawn  into  the  fifth  segment,  and  on 
looking  at  the  abdomen  from  the  posterior  end,  only  the  terminal 
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segment,  the  eighth,  surrounding  the  anus,  can  be  seen.  The 
sixth  and  seventh  segments  have  been  greatly  reduced.  The  sternal 
portion  of  the  fifth  segment  consists  of  a  cordiform  sclerite  (v,  v.\ 
the  apex  of  which  is  directed  forwards,  and  each  of  the  lateral 
margins  is  produced  to  form  a  short  process,  swollen  at  the  tip — 
these  lateral  processes  form  the  primary  forceps  (p-f-),  and  lie  at 
each  side  of  the  aperture  of  the  male  genital  atrium  (gxi),  of  which 
the  posterior  edge  of  the  sclerite  forms  the  lower  or  anterior  lip. 


V\\\d. 


an. 


y\\.d.- 
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Fig.  24.     The  posterior  end  of  the  abdomen  of  the  male  seen  from  behind,  showing 

the  pronounced  sinistral  asymmetry. 
V,  d.  to  viii,  d.  Fifth  to  eighth  dorsal  plates  or  arches.  v,  v.  to  viii,  v.  Fifth  to 

eighth  ventral  plates  or  arches.  an.  Anus.  g.a.  Aperture  of  genital 

atrium.         p.f.  Primary  forceps. 

The  dorsal  plates  of  the  sixth  and  seventh  segments  lie  on  the 
membrane  which  is  tucked  underneath  the  posterior  edge  of  the 
fifth  abdominal  segment.  The  dorsal  plate  of  the  sixth  segment 
(vi,  d.)  is  a  narrow  transverse  sclerite ;  its  lateral  edges,  which  do 
not  extend  down  the  sides,  are  slightly  produced  anteriorly.  The 
ventral  plate  of  the  sixth  segment  (vi,  v.)  is  asymmetrical,  and, 
with  the  dorsal  plate  of  the  seventh  segment,  produces  a  pro- 
nounced asymmetry  of  the  posterior  end  of  the  male  abdomen. 
It  consists  of  a  spatulate  plate  on  the  left  side,  the  anterior  or 
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ventral  side  of  which  is  produced  into  a  naiTow  bar  extending 
across  the  ventral  side  of  the  aperture  of  the  genital  atrium,  its 
distal  extremity  bifurcating.  The  dorsal  plate  of  the  seventh 
segment  (vii,  d.)  is  asymmetrical.  It  consists  of  a  narrow  sclerite, 
which,  on  the  dorsal  side,  is  similai-  to  the  sixth  dorsal  plate,  but 
the  left  side  (see  fig.  25)  extends  down  the  side,  and  broadens  out 
into  a  somewhat  triangular-shaped  aiva;  the  anterior  edge  of  this 
is  incised,  and  receives  the  seventh  spiracle  (vii,  a.sp.) ;  the  ventral 
edge  is  internal  to  the  spatulate  portion  of  the  sixth  ventral  plate. 
The  ventral  arch  of  the  seventh  sclerite  has  been  completely  with- 
drawn into  the  abdomen,  and  consists  of  a  pair  of  curved  sclerites 


Vll.d 
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Fig.  25.     Lateral  view  of  the  terminal  segments  of  the  abdomen  of  the  male  after 
their  removal  from  the  fifth  segment. 

vi,  a.sp.  and  vii,  a.sp.  Sixth  and  seventh  abdominal  spiracles.     Lettering  as  in 
fig.  24. 

(fig.  26,  vii,  V.)  somewhat  rhomboidal  in  shape,  lying  dorsal  to  the 
fifth  ventral  arch  and  ventral  to  the  penis  (P.) ;  they  form  the 
secondary  forceps.  Their  lateral  edges,  which  are  thickened,  articu- 
late with  the  alar  processes  of  the  body  of  the  penis  (c.pe.),  and 
with  the  dorsal  arch  of  the  eighth  abdominal  segment  (viii,  d.). 
Their  inner  edges  are  curved,  and  almost  meet  in  the  mid-ventral 
line.  The  dorsal  arch  of  the  eighth  and  last  abdominal  segment 
(viii,  d.)  forms  the  apex  of  the  abdomen.  It  consists  of  a  strongly 
convex  sclerite,  deeply  incised  on  the  ventral  side ;  in  this  incision 
the  vertical  slit-like  anus  (fig.  2o,  an.)  lies.  The  ventral  portion  of  the 
segment  is  completed  by  a  pair  of  convex  sclerites  (fig.  26,  viii,  v.) 
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which  are  united  in  the  mid-ventral  line,  forming  the  ventral  border 
of  the  anal  membrane  and  the  dorsal  side  of  the  entrance  to  the 
genital  atrium. 

All  the  sclerites  of  the  posterior  segments  except  the  sixth  and 
seventh  are  setose. 

Berlese  (1902)  in  his  account  of  the  copulation  of  the  house-fly 
describes  the  genitalia.  From  his  account  of  the  male  genitalia  he 
appears  to  have  missed  the  narrow  dorsal  arch  of  the  sixth  segment, 
or  what  is  very  probable,  he  may  have  mistaken  it  for  the  fifth 
dorsal  arch,  as  he  terms  the  seventh  dorsal  arch  the  sixth,  and 


viii.v; 


y\w.' 


m.d. 
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Pig.  26.  Dorsal  view  of  the  penis  and  the  ventral  half  of  the  tenninal  abdominal 
segments.  The  median  portion  of  the  eighth  dorsal  arch  has  been  removed, 
leaving  the  lateral  portions  attached  to  the  body  of  the  penis  (c.pe.)  and  the 
ventral  arch  of  the  seventh  segment  (vii,  r.).     Lettering  as  in  fig.  24. 

describes  what  I  have  called  the  ventral  arch  of  the  seventh  as 
the  dorsal  arch  of  that  segment.  This  mistake  in  nomenclature 
has  probably  arisen  from  the  fact  that  he  considered  the  visible 
portion  of  the  abdomen  as  consisting  of  four  segments  instead  of 
five,  in  which  case  the  narrow  dorsal  arch  of  the  sixth  segment 
would  naturally  be  taken  for  that  of  the  fifth'. 

The  Penis  (figs.  26,  27)  lies  internally  on  the  ventral  side  of 

1  Berlese  describes  a  sinistral  asymmetrj'  of  the  posterior  segments,  but  his 
figures  show  a  dextral  asymmetry,  a  mistake  probably  in  the  reproduction  of  his 
figures  which  has  escaped  the  author's  notice. 
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the  abdomen,  dorsal  to  the  ventral  arches  of  tlu'  fifth  and  seventh 
segments.  It  is  composed  of  several  sclerites.  A  median  sclerite 
(c.pe.),  the  anterior  and  ventral  edge  of  which  is  rcjiighly  semi- 
circulai'  in  outline,  forms  the  body  of  the  penis.  This  is  produced 
laterally  to  form  two  alar  processes ;  at  the  bases  of  these  processes 
the  lateral  extremities  of  the  dorsal  arch  of  the  eighth  segment 
articulate  with  the  body  of  the  penis ;  the  extremities  of  the  pro- 
cesses are  attached  to  the  lateral  extremities  of  the  ventral  sclerites 
of  the  seventh  segment,  the  secondary-  forceps.  The  penis  proper 
consists  of  a  hollow  cylindrical  tube,  the  theca,  which  receives  the 


cyoe.'-l 


Fig.  27.     Penis  seen  from  the  right  side  after  it  has  been  removed  from  within  the 
terminal  abdominal  segments. 

i.rt/j.  Inferior  apophysis.         «/i.;j.  Theca  of  penis.         p. rjl.  Glans.        s.a^.  Superior 
apophysis.     Other  lettering  as  in  fig.  26,  etc. 

ejaculatory  duct.  The  theca  articulates  with  the  body  of  the  penis 
by  means  of  a  pair  of  small  chitinous  nodules  ("cornetti"  of 
Berlese);  posterior  to  the  attachment  the  theca  is  constricted 
slightly.  Below  the  aperture  of  the  entrance  of  the  ejaculatory 
duct,  the  theca  is  produced  into  a  ventrally  directed  curved 
process,  the  inferior  apophysis  (iap.) ;  above  the  aperture  a  short 
cylindrical  process,  the  superior  apophysis  (s.ap.)  arises.  The 
anterior  end  of  the  theca  is  continued  as  a  slightly  inflated  hyaline 
structure,  the  glans  (p.gL),  at  the  curved  extremity  of  which  the 
ejaculatory  duct  opens. 


CHAPTER   IV 


THE  INTERNAL  STRUCTURE  OF  THE  HEAD  AND  PROBOSCIS 

OF  MUSCA  DOMESTICA 

The  exo-skeleton  and  tracheal  system  of  the  head  and  pro- 
boscis have  already  been  described.  An  account  will  now  be  given 
of  the  internal  structure  and  musculature  of  the  head  and  pharynx 
and  also  of  the  oral  lobes. 

The  posterior  region  of  the  head  (fig.  3)  not  occupied  by 
tracheal  sacs  is  usually  filled  up  with  small  multinucleate  fat-cells 
(f-c),  which  are  also  occasionally  fijund  on  the  proboscis.  The 
frontal  sac  or  ptilinum  (Pt.)  fills  up  the  anterior  portion  of  the 
head  not  occupied  by  the  air-sacs.  Its  crescentic  opening,  the 
lunule,  has  already  been  described.  It  is  attached  to  the  wall  of 
the  cephalic  capsule  by  muscles  which  vary  considerably  in  the 
extent  of  their  development.  In  recently  emerged  flies  the  muscle- 
supply  of  the  ptilinum  is  considerable,  as  they  have  served  to 
retract  the  sac  after  it  has  been  inflated  to  assist  the  exclusion  of 
the  imago,  but  in  older  specimens  it  becomes  less.  The  walls 
of  the  ptilinum  are  muscular  and  lined  by  a  chitinous  intima 
covered  with  small  broad  spines. 

The  Musculature  of  the  Proboscis. 

The  chief  muscles  controlling  the  movements  of  tlie  pharynx 
and  proboscis  are  as  follows  : 

The  Dilators  of  the  Pharynx  (Figs.  3,  28,  d.pk).  This  pair  of 
muscles  occupies  the  interior  of  the  fulcrum.  Each  muscle  is 
attached  to  the  antero-lateral  regions  of  the  fulcrum  and  inserted 
into  the  dorsal  plate  of  the  pharynx  (r:p.).  These  muscles  are  the 
chief  agents  in  pumping  the  liquid  food  into  the  oesophagus,  and 
in  drawing  it  up  through  the  pharyngeal  tube. 
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The  Retractors  of  the  Fulcrum  (r.f.).  These  muscles  are 
attached  to  the  internal  anterior  edges  of  the  genae,  and  are  in- 
serted into  the  posterior  cornu  (p.c.)  of  the  fulcrum.  Their 
contraction  causes  the  rotation  of  the  fulcrnm  nii  the  epistome  as 
a  hinge  in  the  retraction  of  the  proboscis. 

The  Retractors  of  the  Haiistellum  {r.h.).  These  muscles  have 
their  origin  on  the  d(H-s(>lateral  regi<ms  of  the  occiput.  They  are 
long  and  narrow,  and  running  on  each  side  of  the  common  salivary- 
duct  are  inserted  into  the  dorsal  margin  of  the  theca. 


-\-trs. 


Fig.  28.  Transverse  section  through  the  lower  portion  of  the  head-capsule,  show- 
ing the  muscles  and  tracheal  sacs  in  this  region  and  the  fulcrum  in  section. 
(Camera  lucida  drawing.) 

h.p.  Floor  of  pharynx.  r.p.  Eoof  of  pharynx.  tr.s.  Tracheal  sac.     Other 

lettering  as  in  fig.  3. 

The  Retractors  of  the  Rostrum  (r.r.).  This  pair  of  muscles 
has  its  origin  at  the  sides  of  the  occipital  foramen,  and  is  inserted 
into  the  posterior  side  of  the  membranous  rostrum  about  half  way 
do^vn  its  length.  In  the  retraction  of  the  proboscis  these  muscles 
draw  in  the  rostrum. 

The  last  two  pairs  of  muscles  acting  together  assist  in  the 
retraction  of  the  whole  proboscis. 

The  Flexors  of  the  Haiistellum  {f.h.)  have  their  origin  close  to 
that  of  the  retractors  of  the  rostrum  at  the  sides  of  the  occipital 
foramen.     They  are  inserted  into  the  base  of  the  labral  apodeme 
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{ap.)  and  serve  to  flex  the  haustelluiu  on  to  the  anterior  face  of 
the  rostrum. 

The  Extensors  of  the  Hamtellum  (ex.k).  Each  of  these 
muscles  arises  from  the  distal  cormi  of  the  fulcrum,  and  is  inserted 
into  the  head  of  the  labral  apodeme. 

The  Accessory  Flexors  of  the  Haustellum  {a fa.)  are  attached 
to  the  lower  (distal)  anterior  margin  of  the  fulcrum,  and  inserted 
with  the  extensors  into  the  head  of  the  labral  apodeme. 

The  Flexors  of  the  Labrum-epipharynx  (ft.).  These  muscles 
have  their  origin  on  the  anterior  and  upper  edge  of  the  fulcrum, 
and  are  inserted  into  the  proximal  end  of  the  labrum-epi- 
phar\Tix. 

The  first  pair  of  the  last  three  sets  of  muscles  serve  to  extend 
the  haustellum  in  the  extension  of  the  proboscis,  and  the  remaining 
two  pairs  assist  in  the  retraction  of  the  proboscis  by  flexing  the 
haustellum  on  to  the  rostrum. 

A  pair  of  very  fine  muscles  (s.m.)  have  their  origin  at  the  base 
of  and  internal  to  the  posterior  cornua  of  the  fulcrum.  They  are 
inserted  into  the  dorsal  side  of  a  small  valve  (s.v.)  on  the  common 
salivary  duct  which  regulates  the  flow  of  the  secretion  of  the 
lingual  salivary  glands. 

The  muscles  of  the  haustellum  are  : 

The  Retractors  of  the  Furca  (rfu.).  A  pair  of  muscles  having 
their  origin  on  the  upper  part  of  the  theca.  Each  is  inserted 
along  the  upper  proximal  half  of  the  lateral  process  of  the  furca. 
When  the  muscles  contract  the  lateral  processes  of  the  furca, 
which,  in  a  state  of  repose,  are  brought  together  by  the  elasticity 
of  the  ventral  cornua  of  the  theca,  are  diverged,  and  thus  cause 
the  divergence  and  opening  of  the  oral  lobes. 

The  Retractors  of  the  Discal  Sclerites  (r.d.s.).  These  muscles 
have  their  origin  on  the  lateral  edges  of  the  upper  part  of  the 
theca,  and  are  inserted  upon  the  sides  of  the  discal  sclerites.  They 
work  together  with  the  retractors  of  the  furca,  their  contraction 
causing  the  divergence  of  the  discal  sclerites,  and  the  consequent 
opening  of  the  oral  pit. 

The  Dilators  of  the  Lahium-hypopharynx  (di.l.).  These  fan- 
shaped  muscles  arise  in  the  middle  region  of  the  theca  on  either 
side   the   median  line,  and  diverging  are  inserted  in  the  lateral 
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edges  of  the  labiiiiii-li\  popluiryngeal  sclerite.     By  tlnir  (■..Mtiac-iioii 
they  will  widen  the  channel  of  the  labium-hypophaiynx. 

The  Dilators  of  the  Lahrum-epiphm^ynx  (fig.  29,  di.L).  These 
form  a  series  of  shoit  muscles  attached  to  the  anterioi-  and  pos- 
terior walls  of  the  lahniin-epipharynx.  The  size  of  the  phaiyngeal 
channel  will  be  regulatt'd  by  these  muscles. 


Fig.  29.  Transverse  section  through  the  lower  half  of  the  haustellum,  where  the 
hypopharynx  {hp.)  has  become  free  from  the  labium.  (Camera  lucida  draw- 
ing.) 

di.l.  Dilator  muscles  of  the  labrum-epipharynx.  (/•.  Trachea.     Other  lettering 

as  in  fig.  3. 


The  Oral  Lobes. 

The  external  structure  of  the  oral  lobes  has  already  been 
described.  Their  internal  structure  and  histology  will  now  be 
given. 

The  setigerous  cuticle  and  the  pseudo-tracheae  lie  on  a  hypo- 
dermis  of  cubical  cells  (fig.  30,  hy.).  Beneath  the  hypodermis  of 
the  aboral  surface  is  another  layer  of  cells  containing  a  large 
amount  of  dark  pigment.  Each  of  the  large  marginal  sensory 
bristles  {g.s.)  of  the  aboral  surface  has  a  fine  channel  running  down 
the  whole  length  of  the  seta.  This  channel  communicates  with 
the  cavity  of  a  pyriform  mass  of  nerve-end  cells  {s.p.),  consisting  of 
five  or  six  cells.  These  masses  of  cells  occupy  a  large  part  of  the 
interior  of  the  oral  lobes.  As  these  gustatory  bristles  are  exposed 
and  directed  ventrally  when  the  proboscis  is  retracted,  they  may 
assist  the  fly  in  testing  the  nature  of  its  food  before  extending  its 
proboscis.     On   the   oral   side  of  the   oral  lobes  the  nipple-like 
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gustatory  papillae  (figs.  3,  30,  g.p.)  have  already  been  described. 
The  aperture  at  the  end  of  the  papilla  leads  into  a  fine  duct,  which 
ends  in  a  pyriform  sensory  bulb  (s.g.p.).  The  tracheae  (tr.)  can 
be  seen  running  through  the  cells,  some  of  which  contain  several 
nuclei,  and  from  their  appearance  are  probably  derived  from  the 
fat-body.     No  tracheal  sacs  could  be  found  either  in  the  oral  lobes 


^s--f-- 


FiG.  30.  Portion  of  a  transverse  section  of  the  oral  lobes,  showing  the  two  types  of 
gustatoij  sense  organ,  etc. 

<7..s>.  Gustatory  seta.  g.}}.  Gustatory  papilla.  hy.  Hypodermis  under  which 

lies  a  pigmented  layer.  p.s.  Pseudo-trachea  in  section.  s.g.p.  Sensory 

bulb  of  gustatoiy  papilla.       .s.^j.  Sensoij  bulb  of  gustatoiy  seta.        tr.  Trachea. 

or  at  their  bases,  but  the  annular  tracheae  are  continuous  with 
those  of  the  proboscis.  The  haemocoel  of  the  oral  lobes  is  well 
developed.  This  supports  the  view  set  forth  by  Kraepelin,  and 
with  which  I  agi-ee,  that  the  inflation  of  the  oral  lobes  is  due  to  the 
blood.  I  consider  that  the  extension  of  the  proboscis  is  due  to  the 
inflation  of  the  tracheal  sacs  of  the  head.     The  proboscis  having 
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been  protruded  the  oral  lobes  are  then  diverged  by  the  contraction 
of  the  retractor  muscles  of  the  furca  and  discal  sclerites,  and  dis- 
tended by  the  inrush  of  blood  which  keeps  them  turgid. 

The  Labial  Salivary  Glands  (hgs.  3,  31,  Ib.sl.).  These  salivary 
glands  \\v  in  the  haustellum  ut  the  base  of  the  oral  lobes.  The 
glands,  which  are  spherical  in  shape,  are  composed  of  a  large  num- 
ber of  gland  cells  somewhat  triangular  in  shape.     Each  gland  cell 
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Fig.  31.     Transverse  section  of  labial  salivary  gland,  to  show  the  structure  of  the 
gland  cells  (g.c).     (Camera  lucida  drawing.) 

Itij.  Hypodermis.        icd.  Intracellular  duct.       /).s.  Pseudo-trachea.        od.  Opening 
of  intracellular  duct  into  the  permanent  vacuole  (vac.)  of  the  gland  cell. 

is  40//.  in  size,  and  possesses  a  large  nucleus  (12/i),  and  internal  to 
this  a  permanent  circular  vacuole  (vac.)  which  is  16/u,  in  size,  and 
is  lined  by  a  thin  chitinous  intima.  The  duct  of  each  gland  cell 
opens  into  the  side  of  the  vacuole  (od.).  The  ducts  (icd.)  are 
intracellular,  and  run  from  the  centre  of  the  gland,  some  of  them 
uniting,  to  form  a  number  of  fine  ducts  on  the  ventral  sides  of  the 
discal  sclerites,  which  unite  and  open  into  the  oral  pits  by  a  median 
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pair  of  pores.  Kraepelin,  in  his  description  of  the  proboscis  of  the 
blow-fly,  described  the  labial  glands  and  their  ducts  (but  not  their 
histology)  of  that  insect,  his  descriptions  being  similar  to  the  con- 
dition I  find  in  M.  domestica.  Lowne,  however,  states  that  in  the 
blow-fly  he  traced  the  ducts  of  the  gland  cells  through  the  oral 
lobes  to  the  apertures  of  the  gustatory  papillae,  which  he  regarded 
therefore  as  the  apertures  of  the  labial  salivary  glands.  Graham- 
Smith  (1911)  figures  what  he  calls  the  "salivary  gland  of  the  oral 
disc"  but  does  not  refer  to  its  structure  or  relations  in  his  paper  on 
the  proboscis  of  the  blow-fly. 

The  appearance  of  the  labial  salivary  glands  of  31.  domestica 
calls  to  mind  the  maxillary  glands  of  the  ant  Myrmica  levinodis 
which  Janet  has  described  and  figured.  The  secretion  of  the 
labial  salivary  glands  serves,  I  believe,  to  keep  the  surface  of  the 
oral  lobes  moist. 
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THE    HABITS   AND   BIONOMICS  OF   THE   HOUSE-FLY 

Local  Distribution  and  Comparative  Abundance. 

The  local  distribution  of  flies  is  almost  entirely  governed  by 
two  factors :  the  presence  of  breeding  places  and  of  food,  the 
former  being  undoubtedly  the  most  important.  This  fact  is  sup- 
ported not  only  by  my  own  observations  extending  over  a  number 
of  years  but  by  those  of  such  observers  as  Niven  and  Hamer  who, 
in  particular,  have  studied  the  question  of  the  factors  governing 
the  local  distribution  of  flies. 

Compared  with  the  other  species  of  flies  which  inhabit  or 
occasionally  visit  houses,  the  house-fly,  Miisca  domestica,  is  by  far 
the  most  abundant.  Nevertheless,  even  in  houses  a  slight  varia- 
tion in  the  relative  abundance  of  M.  domestica  and  Fannia  canicu- 
laris  may  be  found,  for  whereas  the  former  will  be  more  numerous 
in  warm  places  such  as  the  kitchen  and  dining  room  where  food  is 
present,  a  large  proportion  of  Fannia  canicularis  will  occasionally 
be  found  in  the  other  rooms  of  houses.  In  country  houses  the 
proportions  sometimes  vary  by  the  intrusion  of  Stomoxys  calcitrans^. 
In  1905  in  a  certain  northern  country  cottage,  out  of  several 
hundred  flies  captured,  S.  calcitrans  constituted  about  50  per  cent, 
of  the  total,  the  rest  being  chiefly  F.  canicularis  together  with  a 
few  Anthomyia  radicum,  whose  larvae  breed  on  horse  manure  with 
those  of  M.  domestica. 

1  Jennings  and  King  (1918),  in  discussing  the  occuiTenee  of  S.  calcitrant  in 
dwellings  in  South  Carolina,  U.S.A.,  state:  "  Sti'ong  preference  was  shown  for  the 
living  rooms  and  in  more  than  half  of  the  houses  studied  these  were  the  only  rooms 
infested." 
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The  following  records  taken  from  a  "fly  census"  that  was  made 
in  1907  may  be  taken  as  illustrative  of  the  proportional  abundance 
(if  the  different  species  in  different  situations;  although  the  num- 
bers of  these  records  are  small  the  proportions  are  more  obvious. 


M.  do- 

F.  cani- 

Place 

mestica 

ctilaris 

Other  species 

Eestaurant,  Manchester 

1869 

14 

2   (ilf.    stahulanx,    C.   ery- 
throcephala) 

Kitchen,  detached  suburban 

house  (six  recoi'ds),  Lan- 

cashire 

581 

265 

14 

Kitchen,  detached  suburban 

house  in  Manchester 

682 

7 

14 

Stable,  suburban  house 

22 

153 

14  (12  S.  calcitrans) 

Bedroom,  suburban  house 

1 

38 

4  (i)/.  stabiilans) 

Out  of  a  total  of  3856  flies  caught  in  different  situations,  such 
as  restaurants,  kitchens,  stables,  bedrooms  and  hotels,  87 '5  per  cent, 
were  M.  doniestica,  11  "5  per  cent.  F.  canicularis,  and  the  rest  were 
other  species  such  as  S.  calcitrans,  Muscina  stabulans,  C.  evythro- 
cephala,  and  Anthomyia  radicum.  These  figures  are  comparatively 
small,  but  are  representative  of  the  average  occurrence,  as  I  have 
observed,  of  the  different  species. 

In  a  collection  of  flies  caught  in  rooms  where  food  supplies 
were  exposed  in  different  cities  of  the  United  States,  Howard 
(1900)  found  that  out  of  a  total  of  23,087  flies,  22,808  or  98-8  per 
cent,  were  Musca  domestica  and  of  the  remaining  1"2  per  cent. 
F.  canicularis  was  the  commonest  species.  Hamer  (1908)  found 
that  more  than  nine-tenths  of  the  flies  caught  in  the  kitchens  and 
"  living  rooms  "  of  houses  in  the  neighbourhood  of  depots  for  horse- 
refuse,  manure,  etc.,  were  M.  domestica.  In  a  further  report  Hamer 
gives  more  details  as  to  the  different  species  that  were  found. 
In  one  lot  of  35,000  flies  caught  on  four  fly  papers  exposed 
in  similar  positions,   17   per  cent,  were  F.  canicularis,  less  than 

1  per  cent,  were  C.  erythrocephala  and  considerably  less  than  1  per 
cent,  were  Muscina  stabulans ;  whereas  of  nearly  6000  flies  caught 
in  another  situation  in  four  fly  balloons  24  per  cent,  were 
F.  canicularis,   15   per  cent,   were   C.  erythrocephala   and   nearh" 

2  per  cent,  were  M.  stabulans.  In  his  report  for  1909  he  gives  an 
excellent  diagram  illustrating  the  seasonal  prevalence  of  the  six 
principal  genera  of  flies  caught  in  houses. 

Niven  found   that   out  of  8553   flies  caught   in   six   different 
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localities  in  Manchester  8196  were  M.  domestica,  293  were  F.  caid- 
cularis  and  64  were  other  species. 

Ill  Bii-minghani  Robertson  (1909)  found  the  different  species 
of  flies  in  the  following  proportions  in  a  collection  of  24,562  flies : 
M.  domestica  22,360,  91  per  cent.;  F.  canicukms  1154,  47  per 
cent.;  the  blow-fly  C.  eri/throcephala  840,  3'4  per  cent.;  and  other 
species,  218  or  9  per  cent. 

From  the  foregoing  flgures  it  may  be  taken  that  as  a  general 
rule  Masca  domestica  constitutes  more  than  90  per  cent,  of  the 
total  fly  population  of  a  house.  The  proportions  of  the  other 
species  vary,  the  variation  depending  largely  on  the  situation  of 
the  house,  whether  it  is  urban,  suburban  or  rural  and  also  upon 
the  sanitary  conditions  prevailing  in  the  neighbourhood. 

Seasonal  Prevalence  of  Flies. 

As  a  general  rule  house-flies  are  most  abundant  during  the 
hottest  months  of  the  year.  In  Europe  and  North  America, 
north  of  Mexico,  they  are  most  numerous  during  the  months  of 
July,  August  and  September.  In  South  Africa  they  are  abundant 
from  October  to  February.  The  fly  season  in  Australia  extends 
from  October  to  March.  In  more  tropical  countries  they  are 
prevalent  during  a  more  extended  period. 

Flight  or  Distance  travelled  by  House-Flies. 

The  distance  that  house-flies  are  able  to  travel  either  by  their 
own  exertions  or  by  the  aid  of  the  wind  is  manifestly  an  important 
question  in  view  of  its  connection  with  the  spread  of  infection  by 
these  insects  and  the  location  of  their  breeding  places.  We  are 
not  concerned  here  with  the  ability  of  flies  to  travel  in  electric 
street  cars,  trains  or  steamboats ;  the  fact  that  they  are  able  to  be 
transported  by  these  means  is  a  matter  of  common  observation. 
The  question  I  am  about  to  discuss  is :  how  far  do  flies  travel 
under  natural  conditions  ? 

Normally  they  do  not  fly  great  distances.  I  have  previously 
compared  them  to  domestic  pigeons  which  hover  about  a  house 
and  the  immediate  neighbourhood.     On  sunny  days  they  may  be 
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found  in  large  numbers  out-of-doors  but  when  it  becomes  cloudy, 
or  should  it  rain,  they  retire  indoors. 

In  August  1906,  Dr  M.  B.  Arnold  (see  Niven,  1907)  carried  out 
some  exact  experiments  at  the  Monsall  Fevei'  Hospital,  Manchester, 
on  the  distance  travelled  by  flies.  Three  hundred  flies  were  captured 
alive  and  marked  with  a  spot  of  white  enamel  on  the  back  of  the 
thorax.  These  marked  flies  were  then  liberated  in  fine  weather. 
Out  of  the  300  five  were  recovered  in  fly  traps  at  distances  varying 
from  30  to  190  yards  from  the  place  of  liberation  and  all  the 
recoveries  were  within  five  days.  The  maximum  distance  of  190 
yards  was  determined  by  the  limitations  of  the  hospital  grounds 
and  did  not  indicate  the  possible  limit  of  flight. 

In  the  summer  of  1907  when  visiting  the  Channel  Islands 
I  found  M.  domestica  from  1^  to  2  miles  from  any  house  or  any 
likely  breeding  place  so  far  as  I  was  able  to  discover.  The  fact 
that  the  house-fly  is  able  to  fly  at  a  considerable  height  above 
gi-ound  is  indicated  by  the  fact  that  I  have  frequently  found  them 
flying  at  an  altitude  of  80  feet  above  the  ground.  Flight  at  so 
great  a  height  conjoined  with  a  steady  wind  would  enable  them  to 
cover  a  considerable  distance. 

Howard  (1911)  records  an  experiment  of  J.  S.  Hine  who  caught 
350  flies  and  marked  them  with  gold  enamel  before  liberation. 
Flies  so  marked  were  observed  about  dwellings  from  20  to  40  rods 
(600  to  1200  yards)  from  the  point  of  liberation  up  to  the  third 
day.  Hine  states :  "  It  appears  most  likely  that  the  distance  flies 
may  travel  to  reach  dwellings  is  controlled  by  circumstances. 
Almost  any  reasonable  distance  may  be  covered  by  a  fly  under 
compulsion  to  reach  food  or  shelter.  When  these  are  close  at  hand 
the  insect  is  not  compelled  to  go  far  and,  consequently,  does  not  do 
S(x"  The  experiments  which  I  am  about  to  mention,  however, 
show  that  flies  will  travel  a  considerable  distance  even  where 
houses  occur.  The  same  author  also  states  that  Prof  S.  A.  Forbes 
had  experiments  carried  out  in  which  it  was  sho^^^l  that  marked 
flies  spread  naturally  for  at  least  a  quarter  of  a  mile. 

An  interesting  and  valuable  series  of  experiments  on  the  i-ange 
of  flight  of  flies  under  rural  conditions  was  carried  out  by  Copeman, 
Howlett  and  Merriman  (1911),  an  opportunity  being  afforded  by 
an  unusual  plague  of  house-flies  in  the  neighbourhood  of  a  small 
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\illage,  Postwick  in  Nort'ulk,  wIktc  ihu  ohserviilioiis  wciv  made. 
The  work  was  much  hampered  by  the  meteorological  conditions, 
which  were  for  the  most  part  unfavourable,  the  temperature 
remaining  low  while  rain  showers  were  frequent  and  high  winds 
often  prevailed.  The  flies  were  caugiit  in  a  net  and  were  marked 
by  being  placed  in  a  paper  bag  containing  finely  powdered  coloured 
chalk  of  which  that  of  a  yellow  colour  was  found  to  give  the  best 
results.  Describing  the  results  of  the  experiments  the  authors 
state:  "  Nevertheless,  on  each  occasion  on  which  several  hundred 
marked  flies  were  liberated,  a  certain  number  were  subsequently 
recovered,  within  forty-eight  hours  or  less,  from  human  habitations 
in  Postwick,  at  points  of  the  compass  which  were  apparently  de- 
pendent, for  the  most  part,  on  the  direction  of  the  prevailing  wind, 
and  at  distances  ranging  from  300  yards  to  1700  yards  from  the 
refuse  deposit.  On  one  particular  occasion  on  which  chalk  of  a 
bright  canary  yellow  colour  was  employed  for  marking  the  flies,  the 
day  being  fine  and  sunny  with  a  gentle  north-west  breeze,  the 
results  were  specially  interesting.  Of  these  flies  several  were 
observed  and  captured  along  the  stretch  of  river  bank  between  a 
point  opposite  the  refuse  heap  and  Postwick  Hall,  within  half  an 
hour  of  their  liberation.  Two  other  marked  flies  were  caught  in  a 
large  open-fronted  house  on  the  lawn  of  Postwick  Hall,  a  distance 
of  800  yards  in  a  direct  line  from  the  point  at  which  they  were  set 
fi'ee — one  thii'ty-five  minutes  and  another  forty -five  minutes  after 
being  liberated.  Within  the  next  four  days,  more  than  forty  of 
these  yellow-coloured  flies  were  caught,  on  hanging  fly  papers,  in 
the  kitchen  and  outbuildings  at  Postwick  Hall,  while  isolated 
specimens  were  also  trapped  in  various  parts  of  the  village,  at 
greater  distances  and  at  different  points  of  the  compass,  from  the 
refuse  deposit  of  the  marked  flies  caught  on  "  tanglefoot "  papers 
and  a  certain  proportion  probably  were  overlooked,  oAving  to  the 
fact  that  the  colour  of  the  chalk  soon  gets  considerably  obscured 
by  the  glutinous  material  becoming  spread  over  the  bodies  of  the 
flies  in  their  struggles  to  free  themselves." 

In  view  of  the  results  of  the  foregoing  experiments  on  the 
range  of  flight  of  house-flies  under  rural  conditions,  it  seemed  to 
me  very  desirable  that  experiments  should  be  carried  out  under 
city  conditions,  where  so  many  factors  are  present  which  may  affect 
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the  flies'  ability  and  desire  to  travel.  The  range  iA'  liight  of  Hies 
in  cities  has  a  direct  bearing  on  the  pcjssibilitics  of  the  carriage  of 
infection  and  location  of  breeding  places  and  nuisances.  Accord- 
ingly in  the  summer  of  1911  I  arranged  a  series  of  experiments  in 
the  city  of  Ottawa  which  were  carried  out,  under  my  direction,  by 
Mr  G.  E.  Sanders,  a  field  officer  of  the  Division  of  Entomology,  to 
whom  belongs  the  credit  of  devising  the  excellent  method  of 
marking  the  flies. 

The  point  of  liberation  of  the  flies  was  on  Porter's  Island,  a 
small  island  about  1000  feet  long,  Ijnng  in  the  Rideau  River,  which 
runs  through  a  part  of  the  city  and  is  a  tributary  of  the  Ottawa 
Rivei'  which  it  joins  a  short  distance  further  along  its  course.  The 
surrounding  district  forms  a  portion  of  the  north-eastern  part  of 
the  city  and  consists  chiefly,  especially  on  the  northern  side  of  the 
river  which  is  knoAvn  as  New  Edinburgh,  of  working-class  dwellmg 
houses.  On  this  island  which  is  connected  with  the  bank  by  a 
small  bridge,  small-pox  cases  were  isolated  in  a  small  wooden  house 
used  as  a  hospital,  or  in  tents.  The  land  rises  gently  from  the 
river  on  the  southern  side. 

The  flies  used  in  the  experiments  were  obtained  and  marked 
in  the  following  manner :  Stable  refuse,  in  which  the  larvae  were 
found  in  large  numbers,  was  placed  in  breeding  boxes,  provided 
with  a  circular  aperture  at  the  top  and  balloon  fly-traps  were 
placed  over  these  apertures.  The  flies,  on  emerging  from  the 
pupae,  entered  these  cages  and  were  thus  obtained  in  a  healthy 
and  uninjured  condition.  They  were  marked  by  spraying  them 
while  in  the  wire  cages  with  a  solution  of  rosalic  acid  (rosaurin  or 
methyl-aurin  Cjo  Hie  O3)  in  10  per  cent,  alcohol,  applied  by  means 
of  a  fine  spray.  This  method  of  marking  insects  was  devised  by 
Mr  Sanders,  who  first  used  it  in  experiments  with  ants.  It  is 
simple,  harmless  and  reliable  as  a  means  of  detection.  The  presence 
of  a  marked  fly  on  a  sticky  fly-paper  is  indicated  by  its  producing 
a  scarlet  coloration  when  the  paper  is  dipped  into  water  made 
slightly  alkaline.  In  these  experiments  the  flies  were  reared  and 
marked  in  the  Division  of  Entomology,  w^hich  is  situated  about 
three  miles  from  Porter's  Island,  to  which  they  were  carried  in  the 
cages  and  liberated  on  arrival.  "  Tanglefoot "  fly-papers  were 
placed  in  as  many  as  possible  of  the  houses  in  the  neighbouring 
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district  on  both  sides  of  the  river.  The  papers  were  placed  chiefly 
in  the  kitchens  of  houses  and  were  collected  one  or  two  days  after 
being  distributed.  They  were  usually  collected  in  that  portion  of 
the  district  towards  which  the  wind  had  been  blowing  from  the 
direction  of  the  island,  as  it  was  found  that  the  wind  was  the  chief 
factor  in  determining  the  direction  of  the  distribution  from  day  to 
day. 

EXPEEIMENTS. 
Flies  liberated  on  Porter's  Island. 


Number  of 

Number  of 

Distance  in 

Date 

marked  fiies 
liberated 

marked  flies 
recovered 

Place  of  recovery 

straight  line 

from  point  of 

liberation 

August  29,  1911 

8000 

August  30,  1911 

4000 

1 

647  St  Patrick  St. 

180  yards 

September  1,  1911 

1000 

1 

35  Cobourg  St. 

1 

106  Cobourg  St. 

600  yards 

2  marked 

|37  Cobourg  St. 

flies  observed 

\       St  Patrick  St. 

September  3,  1911 

100 

I 

38  Beech  wood  Av. 

520  yards 

September  6,  1911 

500 



September  7,  1911 

43 
12 
4 
21 
3 
2 
2 
5 
8 
1 

647  St  Patrick  St. 
612  St  Patrick  St. 
681  St  Patrick  St. 
619  St  Patrick  St. 
565  St  Patrick  St. 
559  St  Patrick  St. 
553  St  Patrick  St. 
35  Cobourg  St. 
19  Cobourg  St. 
106  Cobourg  St. 

1 

608  Rideau  St. 

700  yards 

1 

55  Augusta  St. 
(Butcher's  shop) 

3 

4a  Anglesea  Sq. 
(Grocer's  shop) 

6 

355  Mackay  St. 

12 

337  Mackay  St. 

16 

305  Mackay  St. 
(Grocer's  shop) 

7 

316  Crichton  St. 

16 

197  Crichton  St. 

2 

143  Crichton  St. 

2 

134BeechwoodAv. 

1 

Stanley  Av. 

600  yards 

As  will  be  seen  from  the  dates  given,  these  experiments  extend 
over  a  short  time  only,  having  been  terminated  by  the  advent  of  a 
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periud  of  cold  weather  which  checked  the  Hies'  activity.  Never- 
theless, they  are  of  value  as  indicating  the  possibilities  in  the  way 
of  the  range  of  Might  of  flies  under  normal  city  conditions.  There 
is  no  (l(iul)t  that  given  the  necessary  conditions  with  regard  to 
wind  and  elevation  above  the  ground  the  range  would  be  consider- 
ably greater  than  was  actually  found  in  these  experiments.     The 


Map  of  portion  of  City  of  Ottawa  showing  range  of  flight  of  marked  flies. 

X  Point  where  marked  flies  were  liberated.  Shaded  portions  A,  B,  C,  etc. 
indicate  breeding  places  of  flies.  Numbers  in  circles  indicate  number  of 
marked  flies  recovered  at  the  various  points. 

greatest  range  of  flight  obtained  in  these  experiments,  namely  700 
yards,  represents  an  actual  flight  of  considerably  greater  distance 
than  is  represented  by  a  straight  line  from  the  place  of  liberation 
to  the  point  of  capture. 

The  chief  breeding  places  of  house-flies  on  a  large  scale  are 
shown  on  the  accompanying  map  as  shaded  areas.     The  western 
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extremity  of  Porter's  Island  was  used  as  a  garbage  dump  (C)  until 
June  1911,  this  being  about  170  yards  from  the  isolation  tents  and 
hospital.  Between  the  end  of  Water  Street  and  Rideau  River  gar- 
bage was  being  dumped  (A),  a  large  proportion  of  which  consisted 
of  stable  refuse  (horse  manure).  At  this  place,  which  is  about  530 
yards  from  the  hospital,  flies  were  found  breeding  in  considerable 
numbers.  At  the  foot  of  St  Andrews  Street,  adjoining  the  river  and 
about  270  yards  from  the  hospital,  about  100  tons  of  horse  manure 
and  compost  had  been  dumped  (B).  There  were  in  addition 
numerous  breeding  places  apart  from  an  unusually  large  number 
of  unprotected  heaps  of  horse  manure  in  stable  yards.  Conse- 
quently flies  were  extremely  abundant  on  the  island  and  through- 
out the  district.  The  presence  of  countless  numbers  of  flies  in  the 
district  which  were  bred  in  these  natural  breeding  places  made  the 
recovery  of  172  marked  flies  out  of  a  total  of  13,500  which  were 
liberated  all  the  more  remarkable. 

The  results  of  these  experiments  indicate  in  a  significant 
manner  the  distances  which,  under  city  conditions,  flies  are  able  to 
travel  from  their  breeding  places  or  from  a  source  of  infection  \ 

Feeding  Habits  and  the  Influence  of  Food. 

The  fact  that  the  fly  ingests  micro-organisms  on  account  of  its 
indiscriminate  feeding  habits  and  that  bacteria  remain  in  a  viable 
condition  in  the  alimentary  canal  for  a  gi'eater  length  of  time  and 
in  larger  numbers  than  externally  renders  a  consideration  of  the 

'  Since  the  above  was  written  the  results  of  further  experiments  on  the  range  of 
flight  of  house-flies  have  been  published. 

Nuttall,  Merriman  and  Hindle  (1913)  carried  out  a  series  of  experiments  in 
Cambridge.  They  liberated  upwards  of  2.5,000  flies  marked  with  coloured  chalk 
dust.  The  maximum  flight  in  thickly-housed  localities  of  the  flies  recovered  was 
about  a  quarter  of  a  mile ;  in  one  case  a  single  fly  was  recovered  at  a  distance  of 
770  yards,  part  of  which  distance  was  across  fen-land.  It  is  considered  by  the 
authors  that  the  chief  factors  favouring  the  dispersal  are  fine  weather  and  warm 
temperature.     The  nature  of  the  locality  is  a  considerable  factor. 

Zetek  (in  a  paper  presented  at  the  meeting  of  the  Ent.  Soc.  of  America,  Atlanta, 
Ga.,  Dec.  31st,  1918)  describes  experiments  carried  out  in  the  Panama  Canal  Zone. 
He  showed  that  marked  flies  had  flown  from  the  breeding  place  (cow  manure)  to 
dwelling  places  situated  2500  feet  away  and  at  a  lower  level  of  150  feet. 

Hodge  (1913)  in  explanation  of  the  discovery  of  flies  1^,  5  and  6  miles  respec- 
tively out  from  the  shore  of  Lake  Erie  (U.S.A.)  suggests  that  they  were  carried  by 
the  wind. 
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feeding  habits  of  the  fly  essential  to  a  thorough  comprehension  of 
the  possibilities  of  bacterial  disseminati<jn  by  flies.  This  problem 
will  be  fully  discussed  later  when  it  will  be  shown  that  the  trans- 
portation  of  bacterial  and  other  organisms  in  the  alimentary  tract 
is  of  greater  import  than  the  transportation  of  such  organisms 
externally,  on  the  legs,  proboscis,  etc.,  of  the  fly. 

Most  people  are  acquainted  in  a  general  way  with  the  feeding 
habits  of  the  house-fly.  Its  visits  to  the  dining  table  are  a  matter 
of  common  kn<iwledge ;  the  general  ignorance  in  regard  to  its 
visits  to  repositories  of  filth  and  excrementous  matter  has  been 
largely  responsible  for  the  indifference  of  the  majority  of  people  to 
the  hygienic  aspect  of  the  house-fly. 

The  anatomy  of  the  proboscis  and  of  the  alimentary  tract,  a 
knowledge  of  which  is  essential  to  understanding  the  feeding 
habits  of  the  fly,  have  already  been  described.  Although  I  made 
extended  observations  on  the  feeding  habits  of  the  house-fly  from 
the  beginning  of  my  study  of  this  insect,  these  observations 
were  not  recorded  in  my  earlier  papers  and  to  Graham-Smith 
belongs  the  credit  of  first  rec(jrding  any  extensive  and  accurate 
observations  on  this  subject.  In  his  papers  (1910,  1911a  and 
1911  &)  he  has  given  an  excellent  account  of  the  general  behaviour 
of  flies  during  feeding  and  of  the  digestion  of  the  food  and  his 
observations  fully  confirm  those  which  I  had  made ;  he  also  makes 
a  large  number  of  new  observations  in  connection  \^dth  his  bacterio- 
logical studies  and  his  study  of  the  structure  and  function  of  the 
oral  sucker  of  the  blow-fly  is  invaluable. 

The  proboscis  of  the  house-fly  is  adapted  to  a  sucking  function 
and  the  absorption  of  liquid  or  liquefied  food.  Except  under  certain 
circumstances  it  does  not  and  caiuiot  take  in  solid  particles  of  food. 
Nicoll  (1911)  in  his  experiments  on  feeding  flies  on  the  eggs  of 
tapeworms  found  that  flies  were  "apparently  unable  to  ingest 
particles  of  larger  size  than  '045  mm."  A  careful  examination  of 
the  structure  of  the  oral  lobes  or  sucker  makes  plain  the  reason  for 
this.  As  I  have  sho^\^l  in  describing  the  structure  of  the  oral 
lobes,  and  as  Graham-Smith  in  his  study  of  the  oral  sucker  of  the 
blow-fly  also  pointed  out,  communication  between  the  surface  of 
the  oral  lobes  and  the  pseudo-tracheal  channels  is  effected  by  w^ay 
of  the  spaces  between  the  bifid  extremities  of  the  chitinous  rings 
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which  keep  open  the  pseudo-tracheal  channels.  In  the  house-fly 
these  interbifid  spaces,  as  Graham-Smith  aptly  termed  them, 
measure  from  '004  to  "003  mm.  in  diameter,  indicating  how  im- 
possible it  would  be  for  particles  of  food  to  be  absorbed  with  the 
food*  in  the  normal  manner  and  pass  along  the  pseudo-tracheal 
channels  to  the  mouth.  The  only  possible  manner  in  which  solid 
particles  such  as  the  eggs  of  tapeworms  could  gain  access  to  the 
pharynx  would  be  by  direct  entrance  into  the  mouth.  In  experi- 
menting with  Indian  ink  I  found  that  through  the  sucking  action 
of  the  oral  lobes  the  solid  particles  were  heaped  up  in  a  slight 
ridge  in  the  channel  between  the  lobes  and  remained  between  the 
lobes  while  the  fly  continued  feeding.  Graham-Smith  observed 
the  same  process  in  feeding  the  blow-fly  with  pollen  grains.  It  is 
not  difficult  to  understand  how,  when  feeding  on  solid  food  which 
is  being  liquefied  or  on  liquid  food  containing  minute  particles, 
such  particles  which  were  not  too  large  might  be  sucked  up  into 
the  oral  pit  and  into  the  mouth.  This  undoubtedly  happens  in  the 
case  of  the  absorption  of  the  tapeworm  eggs.  Ordinarily,  however, 
the  entrance  of  food  into  the  oral  pit  is  prevented  by  the  pre- 
stomial  teeth  and  the  close  apposition  of  the  inner  edges  of  the 
cushion-like  oral  lobes. 

In  order  to  feed  on  dry  substances  such  as  sugar,  dried  specks 
of  milk  or  sputum,  etc.,  the  fly  has  first  to  liquefy  the  substance. 
This  is  accomplished  by  the  secretion  of  what  I  termed  the  lingual 
salivary  glands.  This  is  poured  down  the  labium-hypopharynx 
into  the  oral  pit  and  on  to  the  surface  of  the  solid  substance,  both 
directly  and  through  the  pseudo-tracheal  channels.  This  process 
can  be  observed  by  inverting  a  film  of  dried  up  sugar  solution  on 
a  slide  over  a  glass  capsule  containing  a  fly,  the  process  being 
watched  through  a  Zeiss  binocular  microscope.  The  solid  matter 
is  soon  liquefied  by  the  rapid  sucker-like  movements  of  the  oral 
lobes  moistened  by  the  salivary  secretion.  Frequently  the  lique- 
faction is  aided  or  brought  about  by  means  of  the  regurgitated 
food  when  the  fly  has  fed  previously.  Graham-Smith  found 
carmine  stains  in  the  proboscis  marks  of  flies  feeding  on  semi-fluid 
material  as  long  as  22  hours  after  they  had  been  fed  on  carmine 
coloured  food,  indicating  that  some  of  the  previous  meal  had  been 
ixpparently  regurgitated,  thereby  assisting  the  salivary  secretion. 
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In  flies  which  have  never  previously  fed  or  have  not  fed  for  some 
time,  I  believe  the  solid  food  is  liquefied  solely  by  the  action  of  flie 
salivary  secretion;  this  would  specially  apply  to  flies  which  have 
recently  emerged   from  the  pupal  case  or  finiii    hibernation.     In 
feeding  on  dried  films  of  food  material  such  as  sugar,  milk,  etc.,  the 
fly  generally  sucks  clean  the  surface  to  which  the  oral  lobes  are 
applied,  leaving  a  heart-shaped  area  and  the  whole  of  a  small  area 
is  rapidly  cleaned  up  in  this  manner  (see  fig.  32).     In  some  cases 
only  the  impressions  of  the  pseudo- 
tracheal  channels  are  left  (fig.  33). 
In  the  case  of  fluids  the  resulting 
fluid  is  sucked  up  into  the  oral  pit 
through  the  pseudo-tracheal  channels 
and  by  the  action    of  the  powerfid 
phar3mgeal  pump,  the  action  of  which 
may  be  seen  when  the  feeding  fly  is 
observed  from  the  fi"ont\  it  is  sucked 
up  into  the  oesophagusthrough  whicli 
it  runs  into  the  crop.     If  the  food  is 
coloured    with    nigrosin  or  carmine 
the  filling  of  the  crop  can  be  readily 
observed.    The  slightly  concave,  ven- 
tral surface  of  the  abdomen  of  the 
hungry  fly  rapidly  becomes  convex 
in  the  anterior  region  where  the  crop  lies.     The  filling  of  the  crop 
takes  place  very  rapidly  in  the  case  of  liquid  food  ;  sometimes  it  is 
gorged  in  less  than  a  minute,  as  Graham-Smith  also  observed.     If 
feeding  continues  the  food  begins  to  flow  directly  into  the  ven- 
triculus,  and  the  abdomen,  as  a  whole,  becomes  rather  distended. 
Such  gorges,  however,  frequently  prove  fatal,  as  I  find  that  there 
was  gi'eater  fatality  among  abnormally  gorged  flies  than  among 
those  which  fed,  as  one  might  say,  rationally.     As  a  rule  flies  do 
not  appear  to  cease  feeding  until  they  are  gorged.     Their  meals 
are  fi'equently  disturbed  and  here,  I  believe,  we  see  the  natural 
function  of  the  crop  as  a  food  reservoir.     Food  can  be  taken  into 


Fig.  32.  Proboscis  marks  of  ^1/. 
domestica  allowed  to  feed  upon 
film  of  sweetened  Indian  ink. 
Enlarged. 


1  I  have  found  that  the  action  of  the  pharyngeal  pump  can  be  studied  most 
advantageously  in  Stomo.rys  when  the  same  is  allowed  to  feed  on  the  back  of  the 
hand  and  watched  through  the  Zeiss  binocular  microscope. 
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the  crop  rapidl}'.  The  fly  then  rests  in  a  quiet  place.  The 
absorbed  food  now  begins  to  flow  through  the  proventriculus, 
which  acts  as  a  pump  and  valve,  into  the  ventriculns'.  I  have 
compared  this  to  the  feeding  of  the  ruminating  animal,  as  the  crop 
of  the  fly  calls  to  mind  the  storage  stomach  of  the  ruminant. 


Fig.  33.  Proboscis  marks  of  a  fly  (not  31.  domeatica)  allowed  to  feed  on  film  of 
Indian  ink  (sweetened) ;  showing  the  alternating  light  and  dark  lines,  the 
former  being  where  the  film  has  been  removed  by  the  pseudo-tracheae.  Greatly 
enlarged.     (Photogi-aphed  by  H.  T.  Giissow.) 

Graham-Smith  found  that  the  rate  at  which  food  passes  into 
the  intestine  from  the  crop  appears  to  vary,  depending  to  some 
extent  on  the  nature  of  the  food  and  the  temperature.  If  flies 
were  kept  in  an  incubator  at  57"  C.  and  fed  on  carmine  gelatine 
much  of  the  food  may  reach  the  rectal  valve  within  one  hour 
of  feeding.     He  gives  the  following  tables  which  indicate  the  rate 

'  Wheeler  (1910)  mentions  the  fact  that  in  ants  the  proventriculus  not  only 
passes  the  liquid  food  back  fror.i  the  crop  to  the  stomach  but  also  fills  the  crop  in 
the  first  place. 
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at   which    the    food  passes  from  the  crop  and   llif   jn'iiod   dining 
which  coloured  food  may  remain  in  the  crop. 

TABLE    SHOWING    THE    RATE    AT    WHICH    FOOD    PASSES    THROUGH 
THE   CROP   INTO   THE   INTESTINE. 

(from  Graham-Smith.) 


Time  after   1    Number  of 
feeding        flies  dissected 


Results 


3  minutes 

1 

Crop  full  of  red  fluid,  but  none  found  in 
ventriculus  or  intestine 

6  minutes 

1 

Crop  full  of  red  fluid,  but  none  found  in 
ventriculus  or  intestine 

10  minutes 

1 

Crop  full  of  red  fluid  and  some  fluid 
beginning  to  pass  into  ventriculus 

1-5  minutes 

1 

Crop  full  of  red  fluid  and  upper  third  of 
intestine  red 

20  minutes 

1 

Crop  full  of  red  fluid  and  upper  third  of 
intestine  red 

3 

Crop  full  of  red  fluid  and  upper  third  of 
intestine  red 

2  hours    ■ 

4 

Crop  full  of  red  fluid  and  upper  half  of 
intestine  red 

1 

Crop  full  of  red  fluid  and  upper  three- 

• 

quarters  of  intestine  red 

TABLE    SHOWING   THE   PERIOD   DURING   WHICH   COLOURED 
FOOD  MAY   REMAIN   IN   THE   CROP. 

(from  Graham-Smith.) 


Time  after 

Number  of 

Results 

feeding 

flies  dissected 

24  hours 

2 

Crop  red  and   distended, 
throughout 

Intestine 

red 

48  hours 

3 

Crop   red   and   distended, 
throughout 

Intestine 

red 

3  days 

3 

Crop    red   and   distended, 
throughout 

Intestine 

red 

4  days 

2 

Crop  pink  and  distended, 
throughout 

Intestine 

red 

In  most  cases  on  dissection  the  crop  was  found  to  be  nearly 
empt}^  on  the  third  day  after  feeding,  although  the  intestine  still 
contained  large  quantities  of  red  material.  The  above  results  indi- 
cate that  the  crop  is  not  completely  emptied  for  many  hours  and 
in  some  cases  for  days,  even  though  no  further  food  is  given.  This 
fact  has  been  confirmed  in  my  own  observations.    Flies  which  have 
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been  allowed  to  feed  naturally  on  coloured  jam  have  been  found 
with  jam  still  in  their  crops  on  the  second  day  after  feeding. 

After  feeding  the  fly  usually  retires  to  a  quiet  spot.  It 
invariably  cleans  its  head  and  proboscis,  as  is  also  the  case  with 
Stomoxys.  Very  frequently  it  regurgitates  its  food  from  the  crop 
in  the  form  of  large  drops  of  fluid  which  may  equal  in  diameter  the 
depth  from  front  to  back  of  the  head  (fig.  34).  This  regurgitation 
of  "vomit"  drops  conveys,  as  Graham-Smith,  who  has  also  observed 
and  recorded  the  fact  states,  the  impression  that  the  flies  "have 
distended  their  crops  to  an  uncomfortable  degree  and  that  some  of 
the  food  is  regurgitated  to  relieve  the  distension."  While  this  is 
conceivable,  it  is  not  unlikely  that  the  regurgitation  of  the  food 
may  be  primarily  concerned  in  the  digestion,  as  I  have  observed  it 
to  take  place  when  there  had  been  no  unusual  distension  of  the 


Fig.  34.     M.  domestica  in  the  act  of  regurgitating  food,      x  4i. 

crop.  One  can  understand  that  the  regurgitation  would  enable 
the  food  to  become  mixed  with  an  additional  amount  of  salivary 
fluid  which  would  further  facilitate  the  digestion  on  the  absorption 
of  the  drop.  The  drops  are  slowly  extruded  and  then  withdrawn. 
One  fly  which  I  had  under  observation  alternately  and  regularly 
regurgitated  and  absorbed  a  drop  of  fluid  eight  times,  each  regurgi- 
tation and  absorption  lasting  one  and  a  half  minutes.  In  some 
cases  these  "  vomit  "  drops  are  deposited  upon  the  surface  on  which 
the  fly  is  resting  and  they  may  be  easily  recognised  as  light- 
coloured  opaque  spots  (see  fig.  35).  Their  colour  will,  of  course, 
vary  according  to  the  nature  of  the  flies'  last  meal.  Graham- 
Smith  found  that  flies  fed  on  coloured  syrup  often  regurgitated 
coloured  fluid  24  or  more  hours  later,  though  fed  in  the  interval 
on  uncoloured  syi'up.  In  his  infection  experiments  he  observed 
that  "  when  infected  food  has  been  given,  the  infecting  organisms. 
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aro  nsnally  t'ound  in  great  nunibers  in  these  'spots'  and  niorec^ver, 
as  will  be  shown  later,  fluid  regurgitated  from  the  crop  is  used  to' 
dissolve  or  moisten  sugar  and  (jther  similar  dry  food  materials.'* 


Fig.  35.  Portion  of  window  pane  from  fiy-infested  cow-shed,  showing  dark- 
coloured  faecal  spots  and  more  numerous  light-coloured  vomit  spots.  Natural 
size. 


The  importance  of  this  habit,  from  the  point  of  view  of  bacterial 
contamination,  cannot  be  emphasized  too  strongly. 

The  rate  of  digestion  depends  chiefly  on  the  temperature  and 
the    nature    of  the    food.      At    (ordinary   room    temperatures  the 

H.  H.-F.  6 
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coloured  faeces  produced  by  feeding  flies  on  coloured  syrup  are  not 
deposited  until  several  hours  after  the  meal.  Graham-Smith  in 
his  experiments  found  they  were  not  depijsited  within  two  hours 
after  feeding.  He  made  a  number  of  interesting  observations  on 
the  rate  of  defaecation  and  the  effect  of  different  kinds  of  food  on 
the  same.  The  yellowish  to  dark  broAvn  faecal  spots  or  fly  "specks" 
are  Avell  known.  A  series  of  ten  flies  which  had  been  given  one 
feed  of  milk  produced  in  a  period  of  22  hours  an  average  of  12-5 
vomit  spots  and  3"9  faecal  spots.  A  series  which  were  allowed  to 
feed  on  milk  whenever  they  wished  produced  an  average  of  17 '9 
vomit  spots  and  4-5  faecal  spots  in  22  hours.  The  average  number 
of  "  spots  "  both  faecal  and  vomit,  produced  by  the  two  series  in 
22  hours  was  16'4  and  20"4  respectively.  In  a  further  experiment 
the  average  number  of  spots,  fixecal  and  vomit,  which  were  de- 
posited per  fly  in  24  hours  was  307.  Three  series  of  flies  were  fed 
on  syrup,  milk  and  sputum  for  several  days.  Those  fed  on  syi"up 
produced  an  average  of  4'7  deposits  (faecal  and  vomit)  per  fly 
per  day,  those  fed  on  milk  8'3  and  those  fed  on  sputum  27'0.  In 
the  latter  case  Graham-Smith  points  out  that  the  faeces  were 
much  more  voluminous  and  liquid  than  usual  and  in  fact  the  flies 
seemed  to  sufler  from  diarrhoea. 

The  rate  of  deposition  and  number  of  the  faecal  vomit  spots 
deposited  is  highly  significant  in  connection  with  the  question 
of  the  bacterial  contamination  of  food  and  especial  attention  is 
drawn  to  the  bearing  of  the  abundance  and  character  of  the  spots 
deposited  by  flies  feeding  on  sputum  on  account  of  its  bearing  on 
the  dissemination  of  the  tubercle  bacillus. 

Mention  will  be  made  later  of  the  influence  of  food  on  the 
development  of  the  larvae ;  the  experiments  which  were  carried 
out  showed  that  the  larvae  develop  more  rapidly  in  certain  kinds 
of  food,  such  as  horse  manure,  than  in  others.  It  has  yet  to  be 
discovered  what  are  the  chemical  constituents  which  favour  the 
more  rapid  development.  It  was  found  that  insufficient  food  in 
the  larval  state  retarded  development  and  produced  flies  which 
were  subnormal  in  size.  Bogdanow  (1908),  in  an  interesting- 
experiment,  fed  M.  domestica  through  ten  generations  on  un- 
accustomed food  such  as  meat  and  tenacetum  in  different  propor- 
tions, and  he  found  that  the  resulting  flies  did  not  show  any  change. 
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The  Influence  of  Temperature. 

The  inrim-nce  of  temperature  on  the  development  of  the  larva 
and  on  the  life-history  will  shortly  be  discussed.  Temperature 
also  directly  affects  the  adult  insect ;  house-flies  are  most  active  at 
a  high  summer  temperature  and  their  metabolism  is  correspond- 
ingly active.  Cold  produces  inactivity  and  torpor.  They  are  able, 
however,  to  withstand  a  comparatively  low  temperature.  Bach- 
metjew  (1906)  was  able  to  submit  M.  domestica  to  as  low  a 
temperature  as  —  10°  C,  and  vitality  was  retained,  as  they  recovered 
when  brought  into  ordinary  room  temperature.  Donhoff"  (1872) 
performed  a  number  of  experiments  previous  to  this  ^v^th  interesting 
results.  He  submitted  M.  domestica  for  five  hours  to  a  tempera- 
ture of  —  r5°  C,  and  they  continued  to  move.  Exposed  for  eight 
hours  to  a  temperature  of  first  —  3°  C.  and  then  —  '1°  C.  they  moved 
their  legs.  On  being  submitted  for  twelve  hours  to  a  temperature 
first  of  —  3-7°  C.  and  then  —  6'3°  C.  they  appeared  to  be  dead,  but 
on  being  warmed  they  recovered.  When  exposed  for  three  hours 
to  a  temperature  of  —  10°  C.  which  was  then  raised  to  —  6°  C,  they 
died.  These  experiments  show  that  M.  domestica  is  able  to  with- 
stand a  comparatively  low  degi'ee  of  temperature. 

The  Influence  of  Light  and  Colour  Preference. 

The  adult  house-fly  seeks  the  light,  that  is,  it  is  positively 
heliotropic,  and  as  Felt  showed,  is  unAvilling  to  enter  very  dark 
places  to  deposit  its  eggs,  although  in  placing  the  eggs  it  endeavours 
to  place  them  as  far  away  from  the  light  as  possible. 

A  series  of  experiments  were  carried  out  by  Galli-Valerio  (1910) 
with  a  view  to  ascertaining  whether  flies  had  preferences  for  certain 
colours.  Flies  were  placed  in  a  cubical  glass-sided  box  measuring 
35  cm.  each  way.  On  the  sides  of  the  box  pieces  of  coloured  paper 
of  equal  size  were  pasted.  The  flies  resting  on  the  diff"erent  colours 
were  then  counted,  the  cage  being  turned  in  different  positions  to 
avoid  error.  The  colour  preferences  which  he  found  were  as  follows, 
the  preference  for  clear  light  colours  being  strongly  indicated : 

Clear  green       18  Azure       13 

Rose 17  Clear  red 10 

Clear  yellow     14  Dark  gi-ey        ...        9 

6—2 


84  THE    HABITS    AND    BIOXOMICS   OF   THE    HOUSE-FLY 


White 

9 

Pale  rose 

3 

Dark  red     ... 

8 

Very  clear  gi-een 

Pale  gi-ey     . . . 

5 

Black         

Dark  yellow 

5 

Blue 

Dark  green... 

5 

Pale  violet 

Red      

4 

Dark  brown 

Orange 

3 

Lemon  yellow   ... 

Clear  brown 

3 

While  these  results  arc  interesting  further  experiments  would 
be  required  before  any  general  conclusions  could  be  drawn'. 

Hibernation. 

The  disappearance  of  Hies  towards  the  end  of  October  and 
during  November  is  a  well  known  fact  and  the  question  is  fre- 
quently asked,  what  becomes  of  them  ?  Observations  on  this 
question  were  made  from  the  beginning  of  my  study  of  this  insect. 

Three  causes  contribute  to  the  disappearance  of  the  flies, 
namely,  retreat  into  hibernating  quarters  or  into  permanently 
heated  places,  natural  death  and  death  from  the  parasitic  fungus 
Empusa  miiscae.  The  last  cause  of  disappearance  is  fully  con- 
sidered later  and  it  accounts  for  a  large  proportion  of  the  summer- 
bred  flies.  The  natural  death  of  flies  may  be  compared,  I  think, 
to  the  like  phenomenon  that  occurs  in  the  case  of  the  hive-bee. 
Apis  meUifica,  where  many  of  the  workers  die  at  the  end  of  the 
season  by  reason  of  the  fact  that  they  are  simply  worn  out,  their 
function  having  been  fulfilled.  The  flies  which  die  naturally  have 
probably  lived  for  many  weeks  or  months  during  the  summer  and 
autumn,  and  in  the  case  of  the  females  have  deposited  many 
batches  of  eggs ;  their  life  work,  therefore,  is  complete.  Those 
flies  which  hibernate  are,  I  believe,  the  most  recently  emerged,  and 
therefore  the  youngest  and  most  vigorous.  On  dissection  it  is 
found  that  the  abdomens  of  these  hibernating  indixiihials  are 
packed  with  fat  cells,  the  fat-body  having  developed  enormously. 
The  alimentary  canal  shrinks  correspondingly  and  occupies  a  very- 
small  space  ;  this  is  rendered  possible  by  the  fact  that  the  flv  does 

1  Kindle  (191B)  has  more  recently  carried  out  a  series  of  experiments  in  which 
strips  of  coloured  cardboard  \yere  exposed  to  catch  flies  which  settled  on  them. 
The  experiments  appear  to  demonstrate  that  the  flies  did  not  display  any  marked 
colour  preference. 
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not  take  food  during  this  period.  In  some  females  it  was  foumi 
that  the  ovaries  were  very  well  developed,  while  in  others  they 
were  small,  and  mature  spermatozoa  were  found  in  the  males. 
Like  most  animals  in  hibernating,  M.  doniestica  becomes  negatively 
heliotropic  and  creeps  away  into  a  dark  place.  In  houses  they 
have  been  found  in  various  kinds  of  crevices  such  as  occur  between 
the  woodwork  and  the  walls.  They  have  been  found  behind 
pictures,  books  an<l  curtains.  A  favourite  place  for  hibernation  is 
between  wall  paper  which  is  slightly  loose  and  the  wall.  A  certain 
number  hibernate  in  stables,  where,  owing  to  the  warmth,  they  do 
not  become  so  inactive,  and  they  emerge  earlier  at  the  latter  end 
of  spring.  During  the  winter  the  hibernating  flies  are  sustained 
by  means  of  the  contents  of  the  fat-body,  which  is  found  to  be 
extremely  small  in  hibernating  flies  if  dissected  when  they  first 
emerge  in  May  and  June.  The  abdominal  cavity  is  at  first  con- 
siderably decreased  in  size,  but  the  fly  begins  to  feed  and  soon  the 
alimentary  tract  regains  its  normal  size,  and  together,  with  the 
development  of  the  reproductive  organs,  causes  the  abdomen  to 
regain  its  normal  appearance.  The  emergence  from  hibernation 
appears  to  be  controlled  by  temperature,  as  one  may  frequently 
find  odd  flies  emerging  from  their  winter  quarters  on  exceptionally 
warm  days  in  the  early  months  of  the  year.  A  few  flies  may 
occasionally  be  found  active  throughout  the  winter.  I  have  found 
active  flies  frequently  during  the  months  of  December  to  February 
in  such  warm  places  as  kitchens,  restaurants  and  stables  during 
which  time  they  are  able  to  breed.  Jepson  (1909)  caught  flies 
in  the  bakehouse  of  one  of  the  Cambridge  colleges  in  February 
and  used  these  flies  in  his  breeding  experiments.  He  records 
the  reported  occurrence  of  flies  in  the  college  sculleries  through- 
out the  winter  months.  These  active  and  periodically  active  flies, 
together  with  the  wholly  dormant  flies  are  the  progenitors  of  the 
summer  mill  ions  \ 

^  Skinner  (1913)  asserts  on  the  circumstantial  evidence  of  a  single  recently 
emerged  fly,  found  entering  a  window,  unsupported  by  experimental  evidence,  that 
house-flies  pass  the  winter  in  the  pupal  stage.  So  far,  I  have  been  unsuccessful  in 
carrying  pupae  of  M.  doniestica  over  the  winter  months.  Skinner's  fly  was  probably 
one  bred  in  a.  warm  place  during  the  winter. 

Copeman  (1913)  calls  attention  to  the  desirability  of  securing  further  evidence 
as  to  where  and  under  what  circumstances  surviving  flies  pass  the  winter. 
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Regeneration  of  Lost  Parts. 

If  the  wings  or  legs  of  M.  domestica  are  broken  off  they  do  not 
appear  to  be  able  to  regenerate  the  missing  portions,  as  in  the 
case  of  some  insects,  notably  certain  Orthoptera.  Kamnierer 
(1908),  however,  experimenting  with  Al.  domestica  and  C.  vomitoria, 
has  found  that  if  the  wing  is  extirpated  from  the  recently  pupated 
fly  it  is  occasionally  regenerated.  The  new  wing  is  at  first  homo- 
geneous, and  contains  no  veins,  but  these  appear  subsequently. 

Longevity. 

The  difficulty  of  experimentally  determining  the  length  of  the 
natural  life  of  a  house-fly  can  be  appreciated  only  by  those  who 
have  attempted  it.  Those  who  have  not  done  so  will  hardly  realise 
it.  Few  insects  are  more  difficult  to  deal  with  under  experimental 
conditions.  One  would  imagine  that  these  insects  flying  about 
everywhere  as  they  do,  could  be  easily  kept  in  a  large  roomy  cage 
if  given  the  necessary  food  and  water.  In  my  experience,  however, 
this  has  not  been  the  case ;  I  have  never  succeeded  in  keeping 
flies  alive  in  captivity  for  a  longer  period  than  seven  weeks. 
In  the  winter  it  is  apparently  more  easy  to  keep  them  alive  in 
captivity.  Jepson  (1909  b)  kept  alive  for  eleven  and  a  half  weeks 
flies  which  had  been  reared  in  confinement  in  Februarv.  Flies 
which  had  been  caught  in  the  kitchens  during  the  same  month, 
and  were,  therefore,  probably  flies  of  the  previous  autumn,  were 
kept  in  captivity  for  ten  weeks.  Jepson  states  that  in  the 
summer  he  was  unable  to  keep  flies  in  captivity  for  more  than 
three  weeks.  Griffith  (1908)  succeeded  in  keeping  a  male  fly 
alive  for  sixteen  weeks.  The  evidence  which  is  available  clearly 
indicates,  I  think,  that  the  late  autumn  bred  flies,  if  they 
escape  death  from  Empiisa  and  other  causes,  live  through  the 
winter  to  produce  eggs  in  the  following  spring.  I  am  inclined 
to  regard  the  winter  breeding  of  M.  domestica  as  unnatural,  as 
it  is  induced  by  conditions  which  are,  strictly  speaking,  artificial. 
The  summer  flies  are  probably  shorter  lived  owing  to  their  ex- 
tremely active  lives  which  endure  probably  for  about  two  months 
or  so. 


PAET   II 

THE   BREEDING    HABITS:    THE    LIFE-HISTORY 
AND   STRUCTURE   OF   THE    LARVA 

CHAPTER   VI 

THE   BREEDING    HABITS   OF   JIUSCA    DOJIESTICA 

The  meagre  nature  uf  the  information  concerning  the  life- 
history  and  the  breeding  habits  of  the  house-fly  which  was 
available  at  the  time  my  investigations  were  begun  has  been 
indicated  already  in  the  introductory  chapter,  in  which  the 
history  of  our  knowledge  of  this  insect  was  traced.  Gleichen 
and  Taschenberg  in  Europe,  Packard  and  Howard  in  the  United 
States,  had  been  the  chief  contributors  to  our  knowledge  of  the 
breeding  habits. 

Carl  de  Geer  (177())  was  one  of  the  first  to  describe  the 
breeding  habits.  He  stated  that  the  house-fly  developed  in 
warm  and  humid  dung,  but  did  not  give  the  time  occupied  by 
the  different  developmental  stages.  He  refers  to  the  enormous 
quantities  of  flies  occurring  from  July  to  August.  His  state- 
ment concerning  their  development  is  especially  interesting,  as 
he  appears  to  be  the  first  investigator  who  called  attention 
to  what  I  consider  to  be  one  of  the  most  important  factors  in 
the  development  of  the  fly,  namely,  the  process  of  fermentation 
occun-ing  in  the  substance  in  which  development  is  taking  place. 
He  says  (p.  76) :  "  Les  larves  de  cette  espece  vivent  done  dans  le 
fumier,  mais  uniquement  dans  celui  qui  est  bien  chaud  et  humide, 
ou  pour  mieux  dire  qui  se  trouve  en  par/aite  fermentation  "  (the 
italics  are  mine). 
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Gleichen  (t.c.)  found  that  the  eggs  hatched  ihnw  twelve  to 
twenty-four  hours  after  deposition.  He  reared  the  larvae  in 
decaying  grain  where,  no  doubt,  fermentation  was  taking  place ; 
also  in  small  portions  of  meat,  slices  of  melon,  and  in  old  broth. 
His  observations  are  extremely  interesting,  and,  excluding  mis- 
takes which  were  due  to  the  lack  of  modern  apparatus,  his 
account  is  still  a  valuable  contribution  to  our  knowledge  of  the 
subject.  Bouche  (1834)  describes  the  larvae  as  living  in  horse- 
manure  and  fowl-dimg,  especially  when  warm.  He  does  not  give 
the  time  occupied  by  the  earlier  developmental  stages,  but  states 
that  the  pupal  stage  lasts  from  8 — 14  days. 

Packard  (^.c),  working  at  Salem,  Massachusetts,  U.S.A.,  found 
that  the  larvae  emerge  from  the  eggs  twenty-four  hours  after 
deposition ;  the  times  taken  by  the  three  larval  stages — for  he 
found  that  there  were  two  larval  ecdyses — were :  first,  about 
twenty-four  hours ;  the  second  stage,  he  thought,  was  from 
twenty-four  to  thirty-six  hours ;  and  the  third  was  probably 
three  or  four  days ;  the  entire  larval  life  being  from  five  to 
seven  days.  The  pupal  stage  was  from  five  to  seven  days,  so 
that  in  August,  when  the  experiments  were  carried  on,  the  time 
from  the  deposition  of  the  egg  to  the  exclusion  of  the  imago 
was  ten  to  fourteen  days. 

Taschenberg  (t.c.)  incorporates  the  work  of  Gleichen  and 
Bouche,  and  he  does  not  appear  to  add  materially  to  the  facts 
already  mentioned.  He  states  that  the  female  files  deposit  their 
eggs  in  damp  and  rotting  food-stuffs,  bad  meat,  broth,  slices  of 
melon,  dead  animals,  cesspools,  and  manure-heaps.  He  further 
says  that  they  have  also  been  observed  laying  their  eggs  in 
spittoons  and  open  snuff-boxes.  With  reference  to  the  last  state- 
ment, I  find  that  the  larvae  will  feed  on  expectorated  matter 
mixed  with  a  solid  substance,  such  as  earth,  if  they  are  kept 
warm,  though  they  cannot  feed  on  salivary  sections  merely.  It 
is  interesting  to  note  in  connection  with  the  statement  as  to  flies 
depositing  their  eggs  in  snufi-boxes  that  Forbes,  as  recorded  b)^ 
Howard  (1911),  reared  M.  domestica  in  1889  from  larvae  found 
in  a  box  of  .snuff  at  Kensington,  III,  U.S.A. 

Howard  (1896 — 1906)  first  studied  the  breeding  habits  of  the 
flv   in   1895   in   Washington,  U.S.A.,   and   he  described   them   in 
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1896,  and  more  fully  subsequently.  He  toiiiid  that  they  coiiM 
be  rarely  induced  to  lay  their  eggs  in  anything  hut  hoisc-iiiainiie 
and  cow-dung,  and  that  they  preferred  the  former.  The  jxiiods 
of  development  he  found  were  as  fc^llows :  from  the  depo.sition  of 
the  egg  to  the  hatching  of  the  larva  about  eight  hours;  the  first 
larval  stage  one  day;  second  larval  stage  one  day;  third  larval 
stage — that  is,  from  the  second  ecdysis  to  pupation — three  days, 
and  the  flies  emerge  five  days  after  the  pupation  of  the  larvae, 
thus  making  the  whole  period  of  development  about  ten  days. 
The  same  author,  in  a  valuable  study  of  the  insect  fauna  of 
human  excrement  (1900),  describes  experiments  in  which  he  was 
successful  in  rearing  M.  domestica  from  human  excrement  both 
in  the  form  of  loose  faeces  and  in   latrines. 

My  own  studies  Avere  commenced  in  1905,  and  a  short  pre- 
liminary account  of  some  of  the  results  were  published  in  the 
following  year  (1906).  The  complete  account  of  my  investiga- 
tions on  the  breeding  habits  and  development  of  the  fly  was 
not  published  until   1908. 

Newstead  (1907)  found  that  horse-manure,  spent  hops,  and 
ashpits  containing  fermenting  materials  and  old  bedding,  or 
straw  and  paper,  paper  mixed  with  human  excreta  or  old  rags, 
manure  from  rabbit  hutches,  all  constituted  permanent  breeding 
places.  He  also  found  that  the  following  served  as  temporary 
breeding  places :  collections  of  straw  mixed  with  other  vegetable 
matter  and  feathers  lying  in  a  fermenting  condition  in  open 
spaces  in  poultry  yards,  accumulations  of  manure  on  wharves, 
bedding  in  poultry  pens.  He  was  unable  apparently  to  confirm 
the  observations  made  by  Howard  and  myself  as  to  the  breeding 
of  M.  domestica  in  human  excreta. 

In  my  experiments,  which  were  carried  out  under  both  arti- 
ficial and  natural  conditions,  the  larvae  of  M.  domestica  were 
successfully  reared  in,  and  the  flies  bred  from,  the  following  sub- 
stances :  horse-manure,  cow-dung,  fowl-dung,  human  excrement, 
both  as  isolated  faeces  and  in  ashes  containing  or  contaminated 
Avith  excrement,  obtained  from  ashpits  attached  to  privy  middens, 
and  such  as  is  sometimes  tipped  on  to  public  tips.  I  found  that 
horse-manure  is  preferred  by  the  female  flies  for  oviposition  to  all 
other  substances,  and  that  it  is  in  this  material  that  the  gi-eat 
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majority  of  larvae  are  reared  in  nature ;  manure-heaps  in  stable 
yards  sometimes  swarm  with  the  larvae  of  M.  domestica.  It  was 
also  found  that  tho  larvae  will  feed  on  paper  and  textile  fabrics, 
such  as  woollen,  cotton  garments,  and  sacking  which  are  folded 
with  excremental  products  if  they  are  kept  moist  and  at  a  suit- 
able temperature.  They  were  also  reared  on  decaying  vegetables 
thrown  away  as  kitchen  refuse,  and  on  such  fruits  as  bananas, 
apricots,  cherries,  and  peaches,  which  were  mixed,  when  in  a  rotting 
condition,  with  earth  to  make  a  more  solid  mass.  Although  they 
can  be  reared  in  such  food-stuffs  as  bread  soaked  in  milk  and 
boiled  egg,  when  these  are  kept  at  a  temperature  of  about  25°  C, 
I  was  unable  to  rear  them  to  maturity  in  cheese,  although  they 
fed  on  the  substances  for  a  few  days  and  then  gradually  died  ; 
my  failure  may  have  been  due  to  the  nature  of  the  cheese 
which  was  used,  only  one  kind  being  tried.  In  addition  to 
rearing  the  larvae  on  isolated  human  faeces,  such  as  are  fre- 
quently found  in  insanitary  courtyards  and  similar  places,  they 
were  found  in  privy  middens,  and  also  on  a  public  tip  among 
the  warm  ashes  and  clinker  where  the  contents  of  some  privy 
middens  had  also  evidently  been  emptied ;  L  bred  the  flies  out 
from  this  material. 

In  Canada  I  have  further  found  that  M.  domestica  can  be 
reared  in  germinating  wheat,  no  doubt  owing  to  the  heat  en- 
gendered by  the  fermentation  which  takes  place. 

Jepson  (1909)  reared  M.  domestica  during  the  winter  months 
on  moist  bread  in  which  the  process  of  fermentation  had  begun. 

Nash  (1909)  records  that  in  1904  he  found  the  spaces  round 
moveable  excreta  boxes  in  privies  swarming  with  fly  larvae.  He 
refers  to  an  interesting  observation  of  Austen's,  connnunicated 
by  the  latter  in  1908.  Austen  found  the  larvae  of  M.  domestica 
in  rubber  which  was  suspended  in  a  drying-room  at  a  tem- 
perature of  100^  F.  They  were  apparently  full-grown,  and  the 
circumstances  indicated  that  they  could  not  have  been  more 
than  three  days  in  developing  from  the  egg  stage,  which  indi- 
cated a  rapid  gi-owth  at  this  exceedingly  high  temperature.  Nash 
records  the  breeding  of  the  house-fly  in  stored  house-refuse,  and 
he  reared  them  on  bread,  pear,  potato,  banana  peelings,  boiled 
rice  and  old  paper. 
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Theobald  has  reported  the  breeding  of  flit's  on  refuse  tips. 
In  India  Surgeon-Major  Smith  has  also  found  that  horse-manure 
is  the  commonest  breeding  place  of  M.  doitiestica,  especially 
around  the  military  camps.  He  has  also  reared  it  from  cow- 
dung. 

Orton  (1910),  in  some  investigations  quoted  by  Howard  (1911), 
found  house-fly  larvae  in  a  mixture  of  horse  and  cow-manure 
underneath  a  farm  bam,  and  it  is  interesting  to  note  that  the 
larvae  and  puparia  were  more  abundant  in  that  portion  of  the 
pile  where  the  horse-manure  was  either  pure  or  predominated. 
Pupae  were  also  found  in  piles  of  pig-manure  mixed  with  straw 
bedding  exposed  to  the  air  and  rain.  An  ounce  of  this  material 
taken  fi-om  a  point  a  few  inches  below  the  surface  showed  868 
pupae.  Flies  were  also  found  breeding  in  spent  hops  and  brewery 
waste  (malt) ;  an  ounce  of  the  latter  contained  1018  maggots.  In 
an  experiment  one  pound  of  material  constituting  these  breeding 
places  was  taken  and  kept  in  screen-covered  glass  jars  in  the 
laboratory  for  ten  days.     The  following  was  the  result: 


Stable-mauure 

no  adu 

t  tiies  issued 

Farm  barn,  horse  end 

77   „ 

5)                 )) 

„           mixed   ... 

19   „ 

)>                 )> 

„            cow  end 

1    „ 

fly      ,, 

Piggery  manure  pile 

361    „ 

flies      „ 

Spent  hops 

...         129   „ 

))         )> 

Barley  malt 

...         539    „ 

))         ») 

As  How^ard  points  out,  these  results  were  no  doubt  in  the 
main  correct,  although  the  identification  of  the  flies  was  by  no 
means  thorough,  as  Orton  admits. 

During  the  summers  of  1908  and  1909  Prof.  S.  A.  Forbes, 
State  Entomologist  of  Illinois,  U.S.A.,  had  observations  carried 
out  in  Urbana,  111.,  by  Mr  A.  A.  Girault,  and  in  Chicago  by 
Mr  J.  J.  Davis,  on  the  breeding  habits  of  the  house-fly  with 
a  view  to  discovering  what  substances,  other  than  the  usual 
breeding  place,  horse-manure,  served  as  breeding  places.  The 
results  of  these  observations  have  been  published  by  Howard 
(1911)  and  are  as  follows: 
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No.  of 
House-flies 

Date 

Breeding  material 

bred 

Sept.  1—3 

Rotten  water-melon  and  musk-melon 

14 

Aug.  18  and\ 
Sept.   8— Hi 

Rotten  carrots  and  cucumbers 

23 

Sept.  7 

Rotten  cabbage  stump 

1 

Sept.  7 

Banana  peelings 

1 

Aug.  30 

Rotten  potato  peeling.s 

12 

Sept.  25 

Cooked  peas        

1 

Oct.  1 

Ashes  mixed  with  vegetable  waste     ... 

1 

Sept.  7—14 

Rotten  bread  or  cake     ... 

8 

Aug.  22 

Kitchen  slops  and  oflfal 

193 

Sept.  10—26 

Mixed  sawdust  and  rotting  vegetables 

41 

Aug.  30— Sept.  4 

Old  garbage,  city  dump            

15 

Aug.  14  and  28 

Rotten  meat,  slaughter-houses 

40 

Aug.  30 -Sept.  11 

Carrion  in  street 

267 

Sept.  7 

Seepage  from  garbage  pile 

1 

Aug.  17—20 

Hog's  hair,  slaughter-house  waste 

9 

Aug.  23—28 

Sawdust  sweepings,  stock   yards 

slaughter-house 

110 

Aug.  23 

Sawdust  sweepings,  meat  market 

4 

Aug.  16—28 

Animal  refuse,  stock  yards 

39 

A>ig.  14 

Contents  of  paunches  of  slaughtered 

cattle            

168 

Sept.  2-11 

Rotten  chicken  feathers 

258 

Aug.  16 

Chicken  manure,  stock-car  dump 

3 

Aug.  31— Sept.  7 

Cow-dung,  stable,  Urbana,  111. 

997 

Sept.  7—10 

Cow-dung,  outdoor  yard 

22 

Sept.  6 

Cow-dung,  pasture 

1 

Aug.  24 — Sept.  16     Human  excrement         ...         ...         ...  196 

The  above  observations  are  of  gi-eat  interest  and  importance 
as  indicating  the  breeding  habits  of  the  flies  when  they  have 
a  choice  of  substances  and  under  natural  conditions,  and  are 
confirmatory  of  my  o^^^l  experiments  under  laboratory  conditions 
where  flies  were  confined  in  cages  with  the  various  substances 
with  a  view  to  ascertaining  not  only  whether  they  would  deposit 
their  eggs  on  the  substances  in  question,  but  also  whether  the 
larvae  could  feed  on  them  and  the  effect  of  the  difierent  sub- 
stances upon  the  rate  of  development,  of  which  mention  is  made 
later.  I  also  confirmed  most  of  the  laboratory  results  by  breeding 
flies  from  material  exposed  or  collected  in  the  open.  As  my  ex- 
periments were  mainly  carried  (jut  in  England,  many  having  been 
since  confirmed  in  Canada,  the  observations  of  Forbes,  recorded 
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above,  made  in  Illinois  under  different  conditions  as  iet,^uds 
climate,  etc.,  are  of  additional  iutmest.  They  intlicate  that  the 
breeding  habits  are  practically  the  same  whatever  the  geographical 
position  or  climatic  conditions  may  be. 

Milliken  (1011)  found  the  eggs  and  larvae  of  M.  domestica  in 
alfalfa  or  lucerne  ensilage  in  Kansas,  U.S.A.  The  fermentation 
taking  place  no  doubt  attracted  the  adult  Hies. 

Pratt  (1912)  bred  fifty  specimens  of  M.  domestica  from  cow- 
manm'e  at  Dallas,  Texas,  U.S.A.  He  states  that  "this  is  one 
of  the  most  common  species  in  stables.  Fresh  manure  attracts 
it  in  great  numbers." 

Paine  (1912)  made  a  study  of  the  species  of  flies  breeding 
in  garbage  in  the  city  of  Boston,  Mass.,  U.S.A.  Larvae  were 
collected  from  the  contents  of  garbage-pails  as  they  were  emptied 
into  the  scavenger's  waggon.  In  some  cases  they  were  so  abun- 
dant that  the  interior  of  the  receptacle  appeared  as  a  wriggling 
mass.  The  larvae  were  allowed  to  complete  their  development 
under  laboratory  conditions,  being  fed  on  moist  bread ;  they 
pupated  in  a  small  quantity  of  earth.  The  following  table  gives 
the  results  of  these  rearings : 

N amber  and  species  of  Muscids  reared  from  city  garhage, 
Boston,  Massachusetts,  U.S.A. 
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It  \\  ill  bo  seen  that,  out  of  649  Hies  of  various  species  which 
were  bred  from  larvae  found  in  garbage,  136  or  22'4  per  cent, 
were  Musca  domestica. 


Summary  of  Substances  in  which  Musca  domestica 

Breeds. 

All  the  foregoing  observations  on  the  breeding  places  and 
substances  in  which  flies  breed  may  be  conveniently  summarised 
as  follows : 


Horse-manure 
Human  excrement 
Fowl  excrement 


Excrementous 

Cow-manure 
Pig-manure 


Rabbit-manure 


Vegetable 


Spent  hops 
Decaying  grain 
Cooked  peas 
Rotten  water  melon 

„       musk  or  other  melons 

„       cucumber 

„       carrots 

„      cabbage 

„       potato  and  peelings 


Barley  malt 

Excreta-soiled  straw 

Bread  or  cake 
„       and  milk 

Rotten  apricots 
„      bananas 
„       cherries 
„       plums 
„       peaches 


Rotten  meat 

Carrion 

Cattle  paunch  contents 


Boiled  rice 

Animal  matter 

Rotten  fowl  feathei's 
Old  broth 
Boiled  egg 

Miscellaneous 

Snuff 


Expectoration  with  earth 
Excreta-soiled  paper,  rags 
Ensilage 
Rubber 


Kitchen  refuse 

Fermenting  substances  in  ashpits 

Sawdust  and  excrementous  refuse 

Garbage  pile  drainage 

Cesspool 

All  observations  which  have  been  made  indicate  that  the  chief 
breeding  place  of  the  house-fly  is  horse-manure  or  stable-refuse, 
and  that,  in  addition,  it  is  able  to  breed  in  other  forms  of  excre- 
ment and  in  rotting  or  decaying  animal  and  vegetable  substances, 
especially  when  they  are  in  a  fermenting  condition. 
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Location  of  Breeding  Place. 

The  female  flies,  as  a  rule,  prefer  to  deposit  their  eggs  on 
substances  oi-  heaps  ot  breeding  material  exposed  to  the  light. 
General  observations  on  the  occurrence  of  the  larvae  have  shown 
that  fewer  larvae  are  found  in  pr-'poition  as  the  situation  t»f  the 
substance  in  which  they  are  living  is  further  away  fi'om  the 
light.  Felt  (1910)  has  demonstrated  experimentally  that  the 
absence  of  light  has  a  very  marked  influence  on  the  ovipositing 
impulse  of  the  fly ;  the  darker  the  situation  was,  the  fewer  were 
the  number  of  flies  which  were  to  be  found  there.  The  fact  that 
flies  are  disinclined  to  penetrate  a  dark  place  to  ovij)osit  has 
some  practical  significance  in  thcii-  eontioj. 

Breeding  Season. 

All  my  experiments  and  observations  on  the  breeding  habits 
of  the  house-fly  indicated  the  important  fact  that,  if  suitable 
larval  food  were  present  and  the  temperature  of  the  surrounding- 
air  were  sufiiciently  high  to  permit  the  prolonged  activity  of 
the  flies,  the  female  house-flies  will  deposit  their  eggs  and  the 
larvae  will  develop  at  any  time  of  the  year.  Under  ordinary 
circumstances,  however,  the  condition  regarding  temperature  is 
not  satisfied  in  temperate  climates  during  the  whole  year  round. 
Consequently,  we  find  that  in  the  temperate  region  the  breeding 
season  is  confined  to  the  period  June  to  October;  exceptional 
circumstances  may  extend  this  period  a  few  weeks  earlier  or 
later.  During  these  months,  as  the  breeding  and  activity  of  the 
house-fly  is  directly  dependent  upon  the  temperature,  the  gi-eatest 
breeding  activity  takes  place  during  the  hottest  months,  July, 
August  and  September. 

During  the  winter  months,  under  natural  conditions,  the 
outside  temperature  will  not  permit  breeding  to  take  place,  but 
under  such  conditions  as  are  found,  for  example,  in  warm  stables 
and  cowsheds,  restaurants  and  kitchens,  female  flies  may  be 
often  found  either  ovipositing  or  able  to  do  so.  On  dissecting 
such  flies  I  have  found  mature  ova  in  the  ovaries  and  living 
:spermatozoa   in  the   spermathecae.      I   have   obtained  eggs   from 
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flies  caught  in  restaurants  in  December.  Griffith  (1908)  has 
succeeded  in  rearing  M.  domestica  from  eggs  in  November, 
December  and  January  under  artificial  conditions  as  regards 
temperature.  Jepson  (1909)  caught  flies  in  January  in  a 
Cambridge  bakehouse  and,  under  artificial  conditions,  namely, 
in  a  greenhouse  in  the  laboratory  with  a  temperature  varying 
from  65°  F.  in  the  morning  to  75°  F.  in  the  evening,  he  was 
able  to  rear  the  flies  successfully,  the  whole  life-history  lasting 
about  three  weeks.  Gleichen  {t.c.)  mentions  the  fact  that  he 
obtained  eggs  in  January. 

Hermes  (1911)  states  that  at  Berkeley  in  California  he  has: 
seen  house-flies  emerging  from  their  breeding  places  during  every 
month  of  the  winter  season.  In  early  March  a  veritable  plague 
of  flies  was  encountered  while  on  a  trip  through  the  Imperial 
Valley  in  California.  In  sub-tropical  and  tropical  climates  the 
breeding  season  is  continuous  thrcjughout  the  year. 

Abundance  of  Flies  in  relation  to  Breeding  Places. 

To  anyone  who  studies  the  breeding  places  and  habits  of  the 
house-fly  one  of  the  most  striking  facts  is  the  enormous  number 
of  flies  which  are  able  to  develop  in  a  certain  quantity  of  breeding 
material  such  as  horse-manure  or  excrement.  Some  interesting 
observations  have  been  made  by  observers  in  different  countries 
on  this  point. 

Faichne  (1909)  records  experiments  carried  out  in  India  in 
which  he  reared  about  4000  flies  from  one-sixth  of  a  cubic  foot 
of  ground  from  a  latrine  and  as  many  as  500  from  a  single 
dropping  of  human  excreta. 

Herms  (1909)  in  California  took  samples  from  a  pile  of 
manure  after  an  exposure  of  four  days.  The  larvae  in  these 
samples  were  counted  with  the  following  results:  the  first 
sample,  4  lbs.,  contained  6873  larvae ;  second  sample,  4  lbs.,  con- 
tained 1142  larvae;  third  sample,  4  lbs.,  contained  1585  larvae; 
fourth  sample,  3  lbs.,  contained  682  larvae;  the  total  (juantity 
examined,  comprising  15  lbs,  contained,  therefore,  10,282  larvae. 
All  these  larvae  were  nearly  or  quite  full-gro\\Ti,  and  the  average 
number  per  pound  of  manure  was  685  larvae.     The  weight  of  the 
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On  the  outer  side  of  the  tracheal  trunk  a  hii-ge  branch  arises;  this, 
the  visceral  branch  (v.tr.),  bends  ventrally  to  the  lateral  trunk,  aii<l 
thus  becoming  internal  to  it  enters  the  coinolutcd  visceral  mass 
with  its  fellow  of  the  other  side. 

The  visceral  branches  extend  anteriorlj^  as  far  as  the  seventh 
segment.  In  the  twelfth  and  thirteenth  segments  the  lateral 
tracheal  trunk  has  a  double  appearance.  A  dorsal  aod  a  ventral 
branch  arise  in  most  of  the  segments,  the  dorsal  branch  chiefly 
supplies  the  fat-body,  and  the  ventral  branch  supplies  the  viscera ; 
both  give  off  branches  to  the  muscular  body-wall.  The  anterior 
commissure  (a.com.)  is  situated  in  the  fourth  segment.  It  crosses 
the  oesophagus  immediately  behind  the  pharyngeal  mass.  On  the 
internal  side  of  tlie  portion  of  the  lateral  tracheal  trunk,  that  is 
anterior  to  the  commissure,  a  branch  arises,  and  iiuining  ventral 
to  the  pharyngeal  mass  it  supplies  the  anterior  end  of  the  larva 
and  the  oral  lobes.  A  branch  that  supplies  the  muscles  of  this 
region  is  given  off  external  to  the  origin  of  the  anterior  commissure. 
Internal  to  the  origin  of  the  commissure  two  tracheae  arise ;  the 
anterior  branch  enters  and  supplies  the  pharyngeal  mass,  and  the 
posterior  branch  (tr'.)  enters  the  ganglion  ventral  to  the  cerebral 
lobes.  In  the  fifth  segment  another  internal  tracheal  branch  (tr".) 
enters  the  gajiglion.  These  tracheae  which  supply  the  ganglion 
appear  to  run  chiefly  in  the  peripheral  regions,  where  they  divide 
into  a  number  of  branches,  the  fate  of  some  of  these  being  inter- 
esting. These  branches  are  extremely  fine,  and  they  arise,  as  I 
have  previously  mentioned,  in  association  with  a  number  of  the 
segmental  nerves  with  which  they  run  to  the  body-wall. 

The  Vascular  System  and  Body  Cavity. 

The  relations  and  structure  of  the  vascular  system  of  the  larva 
are  on  the  whole  similar  to  those  of  the  fly ;  there  are,  however,  a 
number  of  modifications. 

The  dorsal  vessel,  which  includes  the  so-called  "  heart,"  is  a 
simple  muscular  tube  lying  on  the  dorsal  side  immediately  beneath 
the  skin,  and  extending  from  the  posterior  tracheal  commissure  to 
the  level  of  the  cerebral  lobes  of  the  compound  ganglion  in  the 
fifth  segment.  Its  wall  is  composed  of  fine  striated  muscle-fibres 
arranged  transversely  and  longitudinally,  but  chiefly  in  the  latter 
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direction.  The  swollen  posterior  region  (fig.  63),  which  is  called 
the  heart,  lies  in  the  last  three  or  four  segments,  its  anterior  limit 
being  hard  to  define.    It  consists  of  three  distinguishable  chambers, 

which,  however,  are  not  divided  by  septa. 
Three  pairs  of  ostia  (os.),  each  provided 
with  a  pair  of  internal  valves  (v.),  are 
situated  laterally,  and  place  the  cardiac 
cavity  in  communication  with  the  peri- 
cardium, in  which  this  portion  of  the 
dorsal  vessel  lies.  There  are  three  pairs 
of  alar  muscles  controlling  the  action  of 
this  posterior  cardiac  region  of  the  dorsal 
vessel.  Lowne  describes  other  openings 
in  the  wall  of  the  "  heart "  of  the  blow-fly 
larva,  but  I  have  been  unable  to  find 
others  than  those  already  described  in 
this  larva;    it  has  three  pairs  only. 

The  dorsal  aorta  is  the  anterior  con- 
tinuation of  the  dorsal  vessel,  which 
gradually  diminishes  in  diameter.  When 
it  reaches  the  fifth  segment  and  lies  above 
the  ganglion,  it  terminates  in  a  peculiar 
cellular  structure  (fig.  53,  c.r.),  which  in 
the  blow-fly  has  a  circular  shape  and  was 
called  by  Weismann  the  "  ring."  In  the 
larva  of  M.  domestica  it  has  not  so  pro- 
nounced a  ring-like  appearance,  but  is 
more  elliptically  compressed  and  rather 
A-shaped.  The  cells  of  Avhich  it  is  com- 
posed have  a  very  characteristic  appear- 
ance, and  are  rather  similar  to  a  small 
gi-oup  of  cells  lying  on  the  neck  of  the 
pruventriculus  and  at  the  anterior  end  of 
the  dorsal  vessel  of  the  fly.  From  the 
lower  sides  of  this  cellular  structure  (c.r.)  the  outer  sheaths  of  the 
major  cephalic  imaginal  discs  depend,  and  extend  anteriorly  to  the 
pharyngeal  mass,  enclosing  between  them  the  anterior  portion  of 
the  great  ventral  blood  sinus. 


A, 


Fig.  63.  Horizontal  section 
of  posterior  or  "cardiac" 
region  of  the  dorsal  vessel. 
(From  camera  lueida  draw- 
ings.) 

OS.  Ostium.  t\  Valvular 
flaps  guarding  the  same. 
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The  pericanliuin  lic-s  in  tlic  foui-  posterior  segments  of  the 
body,  and  is  delimited  ventrally  irom  the  general  body-cavity  by  a 
double  row  of  large  characteristic  pericardial  cells.  These  cells 
have  a  fine  homogeneous  structure  and  are  readily  distinguished 
from  the  adjacent  adipose  tissue  cells,  whose  size  they  do  not 
attain.  The  pericardial  cavity  contains  a  profuse  supply  of  fine 
tracheal  vessels  which  indicates  a  respiratory  function.  A  similar 
condition  occurs  in  the  blow-riy  larva,  and  Imms  (1907)  has  de- 
scribed a  rich  pericardial  tracheal  supply  in  the  larva  of  Anopheles 
maculipennis,  as  also  Vaney  (1902)  and  Dell  (1905)  in  tlie  laiva  of 
Psychoda  punctata. 

The  adipose  tissue-cells  (fig.  QQ,  f.c.)  form  the  very  prominent 
"  fat-body."  They  are  arranged  in  folded  cellular  laminae  that  lie 
chiefly  in  the  dorso-lateral  regions  of  the  body,  and  in  section  have 
the  appearance  shown  in  the  figure.  The  cells  have  a  similar 
structure  to  those  of  the  adult  fly ;  they  are  very  large  with 
reticular  protoplasm  containing  fat  globules,  and  there  may  be 
more  than  one  nucleus  in  a  single  cell.  As  in  the  fly,  the  fat-body 
is  closely  connected  with  the  tracheal  system  by  means  of  a  very 
rich  supply  of  tracheae. 

Two  chief  blood-sinuses  can  be  distinguished — the  pericardial 
sinus,  which  has  already  been  described,  lying  in  the  dorsal  region 
in  the  four  posterior  segments,  and  the  great  ventral  sinus.  The 
latter  lies  between  the  outer  sheaths  of  the  major  cephalic  imaginal 
discs  and  extends  anteriorly  into  and  about  the  pharynx ;  pos- 
teriorly, it  encloses  the  ganglion  and  the  convoluted  visceral  mass 
above  which  it  opens  into  the  pericardial  sinus  between  the  peri- 
cardial cells. 

The  blood  which  fills  the  heart  and  sinuses  and  so  bathes  the 
organs  is  an  almost  colourless,  quickly  coagulable  fluid,  containing 
colourless,  nucleated,  amoeboid  corpuscles  and  small  globules  of  a 
fatty  character. 

The  Imaginal  Discs. 

As  in  other  cyclorrhaphic  Diptera,  the  imaginal  discs  of  some 
of  which  have  been  described  by  Weismann  (1864).  Kunckel 
d'Herculais  (1875-78)  and  Lowne,  the  imago  is  developed  from 
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the  larva  by  means  of  these  imaginal  rudiments,  which  are 
gi-adually  formed  during  the  later  portion  of  the  larval  life. 
They  do  not  all  appear  at  the  same  time,  for  whereas  some  may 
be  in  a  well-developed  state  early  in  the  third  larval  instar,  others 
do  not  appear  until  the  larva  reaches  its  resting  period  or  even 
later.  The  imaginal  discs  appear  to  be  hypodermal  imaginations, 
though    their  origin   is  difficult  to  trace   in  all    cases ;    in   many 


d.ms 


and 


drnt. 


OS. 


Fig.  65. 
Fig.  64.     Internal  aspect  of  the  posterior  thoracic  imaginal  discs  of  the  right  side. 
d.ms.   Dorsal  mesothoracic  or  alar  imaginal  disc.  d.mt.   Dorsal  metathoracic 


disc.        l.tr.  Lateral  tracheal  trunk  of  the  right  side  of  larva, 
metathoracic  imaginal  disc. 


v.mt.   Ventral 


Fig, 


65.  Longitudinal  sections  through  the  major  cephalic  imaginal  discs  of 
mature  larva  to  show  the  position  of  the  individual  imaginal  rudiments.  The 
dextral  section  is  more  dorsal  than  the  sinistral.     (Camera  lucida  drawings.) 

an.d.  Imaginal  disc  of  the  antenna.  f.d.  Facial  imaginal  disc.  i.s.  Sheath 

of  imaginal  rudiments.  o.d.  Optic  imaginal  disc;  o.g.  Imaginal  disc  of 

the  optic  ganglionic  structures.        o.a.  Optic  stalks.         s.f/.  F'undament  of  the 
imaginal  supra-oesophageal  ganglionic.         .•^h.  Sheath  of  cerebral  lobe. 

instances  they  are  coimected  with  the  hypodermis  by  means  of  a 
stalk  of  varying  thickness.  The  imaginal  disc  or  rudiment  may 
consist  of  a  simple  or  of  a  folded  lamina  of  deeply-staining  columnar 
embryonic  cells,  as  in  the  wing  discs,  or  of  a  number  of  concentric 
rings  of  these  cells,  as  in  the  antennal  and  crural  discs.  They  are 
usually  closely  connected  with  the  tracheae  and  in  some  cases  are 
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innervated  by  fine  nerves.  Althcjugh  the  iiiiaginal  discs  of  M.  do- 
vtestica  are  similar  in  some  respects  to  those  of  the  blow-fly,  as 
described  by  Lowne,  there  are  several  important  differences,  chief 
of  which  is  the  position  of  the  imaginal  discs  of  the  metathoracic 
legs. 

During  the  resting  period  of  the  larva  the  cephalic  and  thoracic 
discs  can  be  distinguished,  but  the  abdominal  discs  are  small  and 
not  so  obvious  except  in  sections. 

The  cephalic  discs. 

The  chief  cephalic  discs  are  contained  in  what  at  first  appears 
to  be  a  pair  of  cone-shaped  structures  in  front  of  each  of  the 
cerebral  lobes  of  the  ganglion  (fig.  53,  m.c.d.);  the  cone,  however, 
is  not  complete.  The  outer  sheath  of  each  of  these  major  cephalic 
imaginal  rudiments  is  continued  dorsally,  and  joins  the  cellular 
structure  mentioned  previously  (see  fig.  66),  thus  enclosing  a  trian- 
gular space  which  is  a  portion  of  the  ventral  sinus.  These  sheaths 
are  continued  anteriorly  and  are  connected  to  the  pharyngeal  mass, 
and  it  is  through  this  connecting  strand  of  tissue  that  the  discs 
are  everted  to  form  the  greater  part  of  the  head  of  the  nymph. 
Immediately  in  front  of  the  cerebral  lobe  is  the  so-called  optic 
disc  (fig.  65,  o.d.),  which  in  its  earlier  stages  is  cup-shaped,  but 
later  it  assumes  a  conical  form,  having  a  cup-shaped  base  adjacent 
to  the  cerebral  lobe.  The  optic  disc  is  connected  to  the  cerebral 
lobe  laterally  by  a  stalk  of  tissue,  the  optic  stalk  (o.s.),  which 
becomes  hollow  later,  and  it  is  through  this  stalk  that  the  optic 
ganglion  and  associated  structures  contained  in  the  cerebral  lobe 
appear  to  evaginate  when  the  final  metamorphosis  and  eversion 
of  the  imaginal  rudiments  takes  place.  The  optic  discs  form  the 
whole  of  the  lateral  regions  of  the  head  of  the  fly. 

The  remaining  portion  of  the  head-capsule  of  the  fly  is  formed 
from  two  other  parts  of  imaginal  rudiments,  the  antennal  and 
facial  discs.  The  antennal  disc  (an.d.)  lies  in  front,  and  internal 
to,  the  optic  discs.  Each  consists  of  an  elongate  conical  structure, 
in  which  at  a  later  stage  the  individual  antennal  joints  can  be 
distinguished.  The  facial  discs  {f.d.)  are  anterior  to  the  antennal 
discs  and   extend  to   the  anterior  end   of   the    conical  structure 
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containing  these  three  pairs  of  major  cephalic  discs,  which  will 
form  the  cephalic  capsule. 

In  addition  to  these  two  other  pairs  of  cephalic  discs  are 
found.  A  pair  of  small  flask-shaped  maxillary  rudiments  are 
situated  one  at  the  base  of  each  of  the  oral  lobes ;  a  second  pair 
of  imaginal  discs,  similar  in  shape  to  the  maxillary  discs,  is  found 
adjacent  to  the  hj^postomal  sclerite ;  the  latter,  I  believe,  are  the 
labial  rudiments,  and  will  form  almost  the  whole  of  the  proboscis 
of  the  fly. 

The  tJioracic  discs. 

In  21.  domestica  there  are  five  pairs  of  thoracic  discs.  The 
prothoracic  imaginal  discs  (figs.  53  and  66,  pr.d.)  are  attached  to 


Fig.  66.  Transverse  section  of  mature  larva  anterior  to  the  ganglion  and  cerebral 
lobes  to  show  the  position  of  certain  of  the  imaginal  discs.  The  body-wall 
and  muscles  have  been  omitted.  The  folded  character  of  the  adipose  tissue 
laminae  can  be  seen  in  this  section,  and  also  the  degenerating  anterior  portions 
of  the  malpighian  tubules  {in.t.).     (Camera  lucida  drawing.) 

an.d.  Antennal  disc.  c.r.  Problematical  cellular  structure  (Weismann's  "ring"). 
c.v.  Caecum  of  ventriculus.  (/.jh.s.  Dorsal  mesothoracic  (alar)  imaginal  disc. 
f.c.  Adipose  tissue  cell.  l.tr.  Lateral  tracheal  trunk.  m.t.  Malpighian 

tubule  cut  rather  longitudinally.  oe.   Oesophagus.  jir.d.   Prothoracic 

imaginal  disc.         v.ms.  Ventral  mesothoracic  imaginal  disc. 
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the  jinterior  vnd  ot'thr  gani^lion  ;ui(l  slope  oblnjudy  toi'wards ;  the 
distal  end  of  each  is  attached  to  the  body-wall  on  the  ventral  side 
between  segments  three  and  four.  These  discs  develop  into  the 
prothoracic  legs,  and  probably  also  into  the  much-reduced  pro- 
thoracic  segment,  as  I  was  unable  to  discover  any  other  rudiments 
corresponding  to  the  dorsal  imaginal  discs  of  the  mesothijracic 
and  metathoracic  segments.  Arising  from  the  sides  of  the 
ganglion  immediately  behind  the  attachment  of  the  prothoracic 
rudiment  are  the  imaginal  rudiments  of  the  mesothoracic  legs 
and  sternal  region  {v.ms.) ;  the  distal  stalks  of  this  pair  of  imaginal 
discs  are  attached  to  the  body-wall  at  the  posterior  border  of  the 
fourth   segment.     The  dorsal  mesothoracic  imaginal  discs,  from 


Fig.  67.  Transverse  section  of  a  portion  of  the  ventriculus  of  mature  larva. 
(Camera  lucida  drawing.) 

e.v.  Epithelial  cell  of  ventriculus  showing  large  active  nucleus  and  striated  peri- 
pheral region  of  cell,  fix.  Probable  gland  cells.  i.e.  Group  of  imaginal 
cells. 

which  originate  the  mesonotal  region  and  the  wings,  may  be 
termed  the  alar  or  wing  discs.  They  form  a  pair  of  flattened 
pyriform  sacs  (fig.  64,  d.ms.),  lying  one  on  each  side  of  the  ventral 
side  of  the  fifth  segment  and  slightly  external  to  the  lateral 
tracheal  trunk  (fig.  66,  d.ms.),  to  a  ventral  branch  of  which  each  is 
attached.  The  metathoracic  discs  consist  of  two  pairs  of  small 
pyriform  masses  (fig.  64)  h^ing  immediately  behind  the  alar  discs 
in  the  intersegmental  line.  They  are  attached  to  a  ventral  branch 
of  the  lateral  tracheal  trunk.  The  anterior  rudiment  (v.mt.)  is  the 
larger,  and  forms  the  imaginal  metathoracic  leg  and  sternal  region ; 
in  the  blow-fly  and  in  Volucella  it  is  interesting  to  note  that 
this  pair  of  imaginal  discs  is  situated  further  forward,  and  is  in 
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association  witli  thf  corresponding  prothoracic  and  mesothoracic 
ventral  discs.  The  smaller  and  more  posterior  disc  (d.mt.)  will 
develop  into  the  remaining  portion  of  the  much  reduced  meta- 
thoracic  segment,  including  the  halteres. 

Reference  has  already  been  made  to  other  imaginal  rudiments 
which  occur  in  the  abdominal  region  as  regular  patches  of  em- 
bryonic cells.  The  abdominal  segments  develop  from  numerous 
segmentally  aiTanged  plates  of  a  similar  nature  which  are  found 
during  the  early  pupal  stage. 


Fig.  68.     Transverse  section  of  one  of  the  salivaiy  glands  of  the  mature  larva. 

(Camei'a  lueida  drawing.) 

During  pupation  the  imaginal  rudiments  increase  in  size  and 
are  not  destroyed  by  the  phagocytes  in  histolysis,  as  is  the  case 
Avith  most  of  the  larval  structures.  The  cephalic  discs  are  evagi- 
nated  by  the  eversion  of  their  sacs  by  way  of  the  anterior  end  of 
the  larva,  a  cord  of  cells  attached  to  the  dorsal  wall  of  the  anterior 
end  of  the  phar3rnx  marking  the  path  of  eversion.  A  similar 
process  takes  place  in  the  case  of  the  thoracic  imaginal  discs, 
which,  by  their  eversion,  build  up  the  whole  of  the  skeletal  case 
of  the  thorax  and  its  dorsal  and  ventral  appendages,  the  wings> 
halteres  and  legs. 


PAET  III 

THE   NATURAL   ENEIVIIES   ANL>   PARASITES   OF 

THE   HOUSE-FLY 

CHAPTER   X 

ARACHNIDS   AND   MYRIAPODS 
ClIERXES   XODOSUS  SCHRANK. 

There  are  frequently  found  attached  to  the  legs  of  the  house- 
fly small  scorpion  or  lobster-like  creatures  which  are  Arachnids, 
belonging  to  the  order  Pseudo-scorpionidea  ;  the  term  "  chelifers  " 
is  also  applied  to  them  on  account  of  the  large  pair  of  chelate 
appendages  which  they  bear.  The  species  which  is  usually  found 
attached  to  M.  domestica  is  Ghernes  nodosus  Schrank  (fig.  (iO). 
It  is  very  widely  distributed,  and  my  observations  agree  with 
those  of  Pickard-Cambridge  (1892),  who  has  described  the  group. 

The  species  is  2*5  mm.  in  length  and  Pickard-Cambridge's 
description  of  it  is  as  follows : 

"  Cephalothorax  and  palpi  yellowish  red-brown,  the  former 
rather  duller  than  the  latter.  Abdominal  segments  yellowish- 
brown  ;  legs  paler.  The  caput  and  first  segment  of  the  thorax 
are  of  equal  width  (from  back  to  front) ;  the  second  segment  of 
the  thorax  is  very  narrow.  The  surface  oi'  the  cephalothorax  and 
abdominal  segments  is  very  finely  shagreened,  the  latter  granulose 
on  the  sides.  The  hairs  on  this  part  as  well  as  on  the  palpi  and 
abdomen  are  simple,  but  obtuse.  The  palpi  are  rather  sharp  and 
strong.  The  axillary  joint  is  considerably  and  somewhat  sub- 
conically  protuberant  above  as  well  as  protuberant  near  its  base 
underneath.     The    humeral  joint   at  its   widest  part,   behind,   is 
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considerably  less  broad  than  long ;  the  cubital  joint  is  very  tumid 
on  its  inner  side ;  the  bulb  of  the  pincers  is  distinctly  longer,  to 
the  base  of  the  first  claw,  than  its  Avidth  behind ;  and  the  claws 
are  slightly  curved  and  equal  to  the  bulb  in  length." 

They  appear  to  be  comuioner  in  some  years  than  in  others. 
Godfrey  (1909)  says:  "The  ordinary  habitat  of  CJi.  nodosus,  as 
Mr  Wallis  Kew  has  pointed  out  to  me,  appears  to  be  among  refuse, 
that  is,  accumulations  of  decaying  vegetation,  manure  heaps, 
frames  and  hot-beds  in  gardens.     He  refers  t(j  its  occurrence  in  a 


Fig.  69.     Clientea  )iodosus,  Schr.      x  30. 

manure-heap  in  the  open  air  at  Lille,  and  draws  my  attention  to 
its  abundance  in  a  melon-frame  near  Hastings  in  1898,  where  it 
was  found  by  Mr  W.  R.  Butterfield."  In  view  of  these  facts  it  is 
not  difficult  to  understand  its  frequent  occurrence  on  the  legs  of 
flies,  which  may  have  been  on  the  rubbish  heaps  either  for  the 
purpose  of  laying  oggs,  or,  what  is  more  likely,  because  they  have 
recently  emerged  from  pupae  in  those  places  and  in  crawling  about, 
during  the  process  of  drying  their  wings,  etc.,  their  legs  were 
seized  by  the  C.  nodosus. 
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The  inter-relation  <>t'  the  Chernes  and  M.  doiiiestico,  h(nvever, 
is  one  of  no  little  complexity;  much  has  been  written  and  many 
diverse  views  are  hcM  concerning  it.  An  interesting  historical 
account  nf  the  occurrence  of  these  Arachnids  (ni  various  insects 
has  been  given  by  Kew  (1901).  Three  views  are  held  in  expla- 
nation of  the  association  and  they  are  briefly  these  :  First,  that  the 
Chernes,  by  clinging  passively  to  the  fly,  uses  it  as  a  means  of 
transmission  and  distribution;  second,  that  the  Arachnid  is  pre- 
daceous ;  and,  third,  that  it  is  parasitic  on  the  fly.  Owing  to  the 
unfortunate  absence  of  convincing  experimental  proof  in  favour  of 
either  of  the  last  two  opinions,  it  is  practically  impossible  to  give 
any  definite  opinion  as  to  the  validity  of  these  views ;  nevertheless 
they  are  worthy  of  examination. 

The  dispersal  theory  was  held  by  Pickard-Cambridge  and 
Moniez  (1894).  Whether  the  other  views  are  held  oi-  not  there 
is  no  doubt  that  such  an  association,  even  if  it  were  only  acci- 
dental, would  result  in  a  wider  distribution  of  the  species  of 
Chernes,  as  the  flies  are  constantly  visiting  fresh  places  suitable 
as  a  habitat  for  the  same.  Except  in  one  or  two  recorded  cases, 
the  Arachnids  are  always  attached  to  the  legs  of  the  fly,  the  chitin 
of  which  is  hard  and  could  not  be  pierced,  a  fact  which  is  held  in 
support  of  this  theory  as  the  only  explanation  of  the  association. 

The  parasitic  and  predaceous  views  are  closely  related.  The 
Pseudo-scorpionidea  feed  upon  small  insects,  which  they  seize  with 
their  chelae.  It  is  suggested  by  some  that  the  Chernes  seizes  the 
legs  of  the  fly  without  realising  the  size  of  the  latter.  Notwith- 
standing its  size,  however,  they  remain  attached  until  the  fly  dies 
and  then  feed  upon  the  body.  In  some  cases  as  many  as  ten  of 
the  Arachnids  have  been  found  on  a  single  fly,  and  if  the  move- 
ments of  the  insect  are  impeded  by  the  presence  of  a  number  of 
the  Chernes,  it  will  be  easily  understood  that  the  life  of  the  fly 
will  be  curtailed  thereby.  Pseudo-scorpionidea  have  been  observed 
feeding  on  the  mites  that  infest  certain  species  of  Coleoptera,  and 
it  has  been  suggested  that  they  associated  with  the  flies  for  the 
same  purpose,  although  I  do  not  know  of  any  recorded  case  of  a 
fly  infested  with  mites  canying  Chernes  also.  If  this  were  the 
case  the  Chernes  would  be  a  friend  and  not  a  foe  of  the  fly,  as 
Hickson  (1905)  has  pointed  out. 
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There  are  few  records  to  support  the  view  that  the  Ckernes  is 
parasitic  on  the  fly.  Donovan  (1797)  mentions  the  occurrence  of 
a  Pseudo-scorpionid  on  the  body  of  a  blow-fly,  and  Kirby  and 
Spence  (1826)  refer  to  their  being  (jccasionally  parasitic  on  flies, 
especially  the  blow-fly,  under  the  wings  of  which  they  flx  them- 
selves. It  is  probable  that  the  Chernes  seldnin  reaches  such  a 
position  of  comparative  security  on  the  thorax  of  the  fly ;  should 
it  succeed  in  doing  so,  however,  it  would  become  parasitic  in  the 
true  sense  of  the  word.  As  I  have  previously  pointed  out,  little 
experimental  evidence  is  at  present  available  and  further  investi- 
gation is  necessary  before  it  is  possible  to  maintain  more  than  a 
tentative  opinion  with  regard  to  this  association  between  the 
Chernes  and  the  fly.  It  is  obvious  that  the  association  will  result 
in  the  distribution  of  the  Pseudo-scorpionid,  but  whether  this  is 
merely  incidental  and  the  real  meaning  lies  in  a  parasitic  or  pre- 
daceous  intention  on  the  part  of  the  Arachnid,  as  some  of  the 
observations  appear  to  indicate,  further  experiments  alone  will 
show\ 


Mites  or  Acarina  borne  f.y  House-flies. 

Most  careful  observers  and  even  casual  observers  have  noticed 
that  house-flies  are  occasionally  infested  with  small  reddish  mites 
which  are  attached  to  theii-  bodies  in  various  positions. 

As  early  as  1735  de  Geer  observed  small  reddish  Acari  in  large 
numbers  on  the  head  and  neck  of  M.  domestica.  They  ran  abt)ut 
actively  when  touched.  The  body  of  this  mite  was  oval  in  shape, 
completely  chitinised,  and  polished ;  the  dorsal  side  was  convex 
and  the  ventral  side  flat.  Linnaeus  (1758)  called  this  mite  Acai-tis 
muscarum  from  de  Geer's  description,  and  Geoffroy  (1764)  found 
what  appears  to  be  the  same,  or  an  allied  species  of  mite,  which 
he  called  the  "brown  fly-mite."  Murray  (1877)  describes  a  form, 
Trombidium  parasiticum,  which  is  a  minute  blood-red  mite  para- 
sitic on  the  house-fly.  He  says :  "  In  this  country  they  do  not 
seem  so  prevalent,  but  Mr  Riley  mentions  that  in  North  America, 

^  I  have  since  endeavoured  to  throw  some  light  on  this  question  by  keeping 
Chernes  and  flies  in  small  vials.  In  no  case,  however,  did  I  observe  the  Chernes 
feeding  on  the  living  fly,  although  they  would  feed  occasionally  on  the  dead  flies. 
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in  some  seasons,  scarcely  a  i\y  can  be  caught  that  is  not  infested 
with  a  number  of  them  clinging  tenaciously  round  the  base  of  the 
wings."  As  it  only  possessed  six  legs  it  was  doubtless  a  larval 
fonii.  This  species  was  named  Atoma  parasiticuin  and  later 
Astoina  parasiticum  by  LatreilK''.  Mr  A.  D.  Michael  informed 
me  that  the  genus  was  founded  on  Tromhidiuvi  parasiticuin  of 
de  Geer.  They  were  really  larval  Trombidiidae  and  Atoma  was 
founded  on  larval  characters;  probably  any  laival  Tromhidiuvi 
came  under  the  specific  name. 


Fig.  70.     M.  domestica  infested  with  TroinhidiKin  mites  (X). 
Magnified  nearly  six  times. 

Howard  (1911)  quotes  the  following  on  the  authority  of  Banks: 
"Latreille  based  a  new  genus  and  species  on  mites  from  the 
house-fly  and  he  called  it  Atomus  parasiticum.  This  is  the  young 
of  one  of  the  Harvest  Mites  of  the  family  Trombidiidae  but  the 
adult  has  not  been  reared  and  is  still  unrecognised  in  Europe. 
Riley  found  these  harvest  mites  on  house-flies  in  Missouri,  in  some 
years  so  abundantly,  he  says,  that  scarcely  a  fly  could  be  caught 
that  was  not  infested  with  some  of  them  clinging  tenaciously 
^  Magazin  Encijdopediquc,  Vol.  iv,  p.  1.5,  1795. 
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at  the  base  of  the  wings.  Later  he  succeeded  iu  rearing  the 
adult,  and  described  it  as  Trombidium  tnuscarum.  In  recent 
years  Oudemans  has  described  Tromhidium  muscae  from  larval 
mites  found  on  house-flies  in  Holland.  All  these  forms  are  minute, 
six-legged,  red  mites  which  cling  to  the  body  of  the  fly  and  with 
their  thread-like  mandibles  suck  up  the  juices  of  the  host.  When 
ready  to  transform  they  leave  the  fly  and  cast  their  skins,  the 
mature  mite  being  a  fi-ee-living,  hairy,  scarlet  creature  about 
1"5  mm.  long.  The  adults  are  usually  found  in  the  spring  and 
early  summer,  while  the  larvae  arc  usually  found  in  the  autumn 
on  house-flies  and  other  insects."  I  have  illustrated  (fig.  70)  a  tiy 
caught  in  Ottawa  in  September,  1909,  which  is  infested  with  this 
species  of  mite. 

Howard  states  further  that  "  mites  of  the  genus  Pigmeophorus, 
of  the  family  Tarsonemidae,  have  also  been  taken  on  house-flies. 
They  cling  to  the  abdomen  of  the  fly,  but  it  is  not  certain  whether 
they  feed  on  the  insect  or  use  it  simply  as  a  means  of  trans- 
portation. The  hypopus  or  migTatorial  nymphal  stage  of  several 
species  of  Tyroglyphus  has  been  found  on  house-flies.  This  hypopus 
attaches  itself  by  means  of  suckers  to  the  body  of  any  insect  that 
may  be  convenient.  The  mites  do  not  feed  on  the  fly  but  when 
the  fly  reaches  a  place  similar  to  that  inhabited  by  the  mites  the 
latter  drop  off,  cast  their  skins  and  start  new  colonies." 

Anyone  who  has  collected  Diptera  as  they  have  emerged  from 
such  breeding  places  as  hot-beds,  rubbish  and  manure  heaps  will 
have  noticed  the  frequently  large  number  of  these  insects  which 
are  to  be  found  carrying  immature  forms  of  the  Acari.  These  are 
being  transported  merely  by  the  flies  in  the  majority  of  cases. 
Mr  Michael  informed  me  that  he  used  to  call  such  flies  "  the 
emigrant  waggons" — a  very  descriptive  term.  Many  of  these 
mites  belong  to  the  group  Gamasidae — the  super-family  Gama- 
soidea  of  Banks  (1905).  These  mites  have  usually  a  hard  coria- 
ceous integument.  In  shape  they  are  flat  and  broad  and  have 
rather  stout  legs.  Sometimes  immature  forms  of  these  mites 
swarm  on  flies  emerging  from  rubbish  heaps.  Banks  holds  the 
opinion  that  they  are  not  parasitic,  but  that  the  insect  is  only 
used  as  a  means  of  transportation.  It  is  difficult  to  decide  whether 
this  is  so  in  all  case's.     I  have  illustrated  (fig.  71)  a  specimen  of 
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the  Lesser  House-fly,  F.  canicularis,  caught  in  a  romu ;  on  the 
underside  of  thi'  fly's  abdonu'ii  a  number  of  immature  Gamasids 
are  attached,  apparently  by  th<'ir  stomal  regions.  Mr  Micliafl,  to 
whom  I  submitted  these  mites,  said  that  it  was  extremely  difficult 
to  identify  immature  Gamasids  owing  to  the  scarcity  of  our  know- 
ledge as  to  their  life-histories,  but  he  stated  that  they  were  very 
like  Dinychella  asperata  Berlese. 

These  specimens  may  be  truly  parasitic,  as  I  am  inclined  to 
believe,  since  many  Acari  are  parasitic  in  the  immature  state, 
although  the  adults  may  not  be  so ;  on  the  other  hand  this  form 
of  attachment  may  be  employed  as  a  means  of  maintaining  a  wun-a 
secure  hold  of  the  transporting  insect. 


Fig.  71.     Thoraco-abdominal  region  of  Fannia  caniculnri.t,   ?  ,  showing  Gamasids 
attached  to  the  ventral  side  of  the  abdomen. 


Ewing  (1913)  describes  a  new  species  of  Gamasid  mite  Macro- 
cheles  muscae  which  is  parasitic  on  M.  domestica,  always  attaching 
itself,  according  to  the  author,  in  a  deflnite  place,  namely,  at  the 
base  of  the  abdomen  on  its  ventral  side,  the  anterior  end  of  the 
larva  being  directed  forwards.  It  feeds  on  the  host.  Its  colour  is 
dark  yellowish  brown;  length  0'97  mm.,  width  0"62mm.  It  has 
been  found  in  the  States  of  Oregon  and  New  York. 

Hamer  (1909)  records  Gamasid  mites  as  particularly  affecting 
Muscina  stabiilans,  especially  in  early  June. 
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Berlese  (1912)  has  reared  what  he  considers  to  be  the  Acarus 
muscarum  of  Linnaeus  from  the  Stable-ily,  Muscina  stabulans, 
and  finds  that  the  adult  belongs  to  the  genus  Histiostoma.  He 
also  illustrates  two  Acarids  attached  to  M.  domestica ;  attached  to 
the  right  anterior  tibia  is  a  larval  Trombidium  and  attached  to  the 
left  hind  tibia  is  a  migratory  Holostaspis  marginatus  Herm.,  a 
species  which  is  accustomed  to  attach  itself  to  coprophagous 
insects. 

By  tlie  transference  of  the  hypopal  or  migi'atorial  stage  of 
those  species  of  mites  which  are  destructive  to  cheese  and  other 
foods,  house-flies  are  frequently  responsible  for  infecting  such  foods 
with  mites.  While  their  food  is  abundant  the  adult  mites  re- 
produce rapidly,  the  3'oung  mites  developing  into  adults  in  a  very 
short  time.  Should  the  food  supply  become  exhausted  or  other 
unfavourable  conditions  supervene  the  almost  fully  grown  mites 
develop  the  hard  protective  shells  characteristic  of  the  hypopal  or 
migi'atorial  stage.  Thus  protected  they  attach  themselves  to 
house-flies  or  other  flies  and  trust  that  the  inquisitive  wanderings 
of  their  transporting  host  will  carry  them  to  pastures  new. 

Centipedes  and  Spiders. 

The  carnivorous  habits  of  the  centipedes  are  well-known  but 
the  peculiar  genus  Scutigera  contains  a  number  of  species  which 
feed  upon  insects,  including  the  house-fly,  when  the  opportunity 
occurs. 

In  the  southern  and  eastern  regions  of  the  United  States  a 
species,  Scutigera  forceps  Raf ,  occurs  very  frequently  in  houses 
where,  according  to  Howard,  its  food  consists  principally  of  house- 
hold insects  such  as  M.  domestica,  clothes  moths  and  small  cock- 
roaches. It  is  a  small  fi-agile-looking  animal  with  unusually  long 
legs  and  feeds  at  night,  its  long  legs  apparently  being  of  gi-eat 
service  to  it  in  capturing  its  prey. 

Kunckel  d'Herculais  (1911)  records  the  occurrence  oi  Scutigera 
coleojjtera  L.  in  France  Avhere  it  occurred  especially  in  privies, 
hunting  flies  by  night,  its  chief  prey  being  the  latrine  fly  Fannia 
scularis,  which  breeds  abundantly  in  such  places  (see  p.  193). 

The    genus  Scutigera   is  very   widely  distributed,   S.    smithii 


SPIDERS    AXI)    KLIES  159 

Newport  occurs  in  Australia  and,  liku  llic  aiurcuiuntiuncd  species, 
has  been  found  to  hunt  the  house-fly  by  nights 

The  relations  which  exist  between  spiders  and  flies  are  so 
universally  recognised  that  it  is  difficult  to  make  an  original 
observation  oii  the  subject  and  perhaps  hardly  necessary  in  an 
account  of  this  nature.  House  spiders  and  garden  spiders  will 
devoni-  whatever  house-flies  "  %valk  into  their  parlours,"  and  the 
little  jumping  spider  Salticus  scenicus  may  be  frequentl}'  observed 
leaping  upon  flies  almost  twice  its  size. 

'  Recently,  I  captured  Scutigera  forceps  iu  Toronto  (Canada)  and  fed  it  on  flies. 


CHAPTER   XI 

THE   FUNGAL   DISEASE  :    EMPU^A    MUSCAE  COHN 

Probably  the  most  important  of  all  the  enemies  of  the  house- 
fly is  the  parasitic  fungus  Empusa  muscae.  Towards  the  end  of  the 
summer  large  numbers  of  flies  may  be  found  attached  in  a  rigid 
condition  to  the  ceiling,  walls  or  window-panes.  They  have  an 
extremely  life-like  appearance,  and  it  is  not  until  one  examines 
them  closely  or  has  touched  them  that  their  inanimate,  so  far  as 
the  life  of  the  fly  is  concerned,  condition  is  discovered.  These 
flies  have  been  killed  by  the  fungus  Empusa  muscae  Cohn,  and  in 
the  later  stages  of  the  disease  its  fungal  nature  is  recognised  by 
the  fact  that  a  white  ring  of  fungal  spores  may  be  seen  around  the 
fly  on  the  substratum  to  which  it  is  attached  (fig.  72).  The 
abdomen  of  the  fly  is  swollen  considerably,  and  white  masses  of 
sporogenous  fungal  hyphae  may  be  seen  projecting  for  a  short 
distance  from  the  body  of  the  fly,  between  the  segments,  giving 
the  abdomen  a  transversely  striped  black  and  white  appearance. 

The  majority  of  flies  which  die  in  the  late  autumn — and  it  is 
then  that  most  of  the  flies  which  have  been  present  during  the 
summer  months  perish — are  killed  by  this  fungus.  Its  occurrence, 
therefore,  is  of  no  little  economic  value,  especially  if  it  were  possible 
to  artificially  cultivate  it  and  destroy  the  flies  in  the  early  summer 
instead  of  being  compelled  to  wait  until  the  autumn  for  the 
natural  course  of  events. 

Empusa  muscae  belongs  to  the  group  Entomophthoreae,  the 
members  of  which  confine  their  attacks  to  insects,  and  in  many 
cases,  as  in  the  case  of  the  present  species,  are  productive  of  great 
mortality  among  the  individuals  of  the  species  of  insect  attacked. 
In  England  it  may  be  found  from  the  beginning  of  July  to  the 
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end  of  October  and  usually  occurs  indoors.  Howard  states  that 
the  epidemic  usually  ceases  in  Washington,  U.S.A.,  in  December. 
Its  distribution  almost  coincides  with  that  of  the  house-fly  and  it 
is  the  only  species  of  Empusa  which  has,  as  yet,  been  recorded 
from  the  southern  hen^isphere.  While  it  is  uncommon  out-of- 
doors,  I  have  found  specimens  of  Mvsca  domestica  killed  by  it  out- 
of-doors  in  Canada,  at  Ottawa.  It  has  been  recorded  diit -df-di  K)rs 
in  England  where  it  was  found  attacking  a  species  of  Syrphid, 


Fi(i.  72.     M.  doiiu'stica  killed  by  Einpiisn  iniiscae,  showing  discharged  spores 
(conidia).     (Photo  by  H.  T.  Giissow.) 

Melanostoimim  scalare  Fabr.  on  Esher  Common^  Thaxter  (1888) 
also  mentions  two  cases  of  its  occurrence  out-of-doors  in  the 
United  States,  in  both  of  which  cases  it  had  attacked  species  of 
Syrphidae.  The  same  author  states  that  Empusa  niuscae  is  prob- 
ably the  only  species  which  occurs  on  flowers  attractive  to  insects, 
but  he  only  observed  it  on  flowers  of  Solidago  and  certain  Umbel- 
liferae.  He  also  records  two  other  species  of  Empusa  attacking 
the   house-fly,   namely,  E.   sphaei^o-sperma   (Fres.)  Thaxter   and 


^  Trans.  Ent.  Soc.  London,  Proceedings,  p.  .57,  1908. 
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E.  americana  Thaxter.  E.  americana  attacks  blow-flies  and  other 
flies  similar  in  size  to  the  house-fly  and  is  frequently  found  out-of- 
doors. 

E.  muscae,  besides  occurring  on  31.  domestica  has  been  found 
on  several  species  of  Syrphidae  and  also  on  Lucilia  caesar  and 
Calliplwra  vomitoria. 
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Fig.  73.  (o)  Longitudinal  (sagittal)  section  of  abdomen  of  ilf.  domestica,  which  has 
been  killed  by  Empiisa  muscae,  showing  the  feltwork  of  fungal  hyphae  iilliug 
the  inside  of  the  abdominal  cavity  and  the  production  of  conidia  in  the  inter- 
segmental regions,  x  12.  c  Conidiophores  producing  conidia.  /.  FungaJ 
hyphae. 

(h)  Four  conidiophores  showing  the  formation  of  conidia  (e).      x  100  (approx.). 

(c)  Conidium  of  Empiisa  muscae.      x  400.         o.g.  Oil  globule. 

The  development  of  the  house-fly  fungus  Empusu  muscae  was 
very  carefully  studied  by  Brefeld  (1871).  An  Empusa  spore  which 
has  fallen  on  a  fly  rests  among  the  hairs  covering  the  insect's  bod}' 
and  there  adheres.  A  small  germinating  hypha  develops,  which 
pierces  the  chitin,  and  after  entering  the  body  of  the  victim  pene- 
trates the  fat-body.  In  this  situation,  which  remains  the  chief 
centre  of  development,  it  gives  rise  to  small  spherical  structures 
which  germinate  in  the  same  manner  as  yeast  cells,  forming 
gemmae.  These  separate  as  they  are  formed,  and  falling  into  the 
blood  sinus  are  carried  throughout  the  whole  of  the  body  of  the 
fly.     It  was  probably  these  bodies  that  Cohn  (1855)  found,  and  he 


DEVELOPMENT   OF    EMl'USA    MUSCAE 


163 


explained  their  presence  as  being  due  to  spontaneous  generation ; 
he  believed  that  the  tly  first  became  diseased  and  that  the  fungus 
followed  in  consequence.  After  a  period  of  two  or  three  days  the 
fly's  body  will  be  found  to  be  completely  penetrated  by  the  fungus, 
which  destroys  all  the  internal  tissues  and  organs.  The  wiiole 
body  is  filled  with  the  gemmae,  which  germinate  and  produce 
ramifying  hyphae  (fig.  73,  a). 

The  latter  pierce  the  softer  portions  of  the  body-wall  between 
the  segments  and  produce  the  short,  stout  conidiophores  (c),  which 


Fig.  74.     Discharged  conidia  of  Empusa  viuscae  upon  which  M.  domestica  has  been 
feeding  as  indicated  by  the  proboscis  marks.     (Photo  by  H.  T.  Giissow.) 

are  closely  packed  together  in  a  palisade-like  mass  to  form  a 
compact  white  cushion  of  conidiophores,  which  is  the  transverse 
white  ring  that  one  finds  between  each  of  the  segments  of  a 
diseased,  and  consequently  deceased,  fly.  A  conidium  now  develops 
(fig.  73,  b)  by  the  constriction  of  the  apical  region  of  the  conidio- 
phore.  When  it  is  ripe  the  conidium  (fig.  73,  c)  is  usually  bell- 
shaped,  measuring  25-30  /x  in  length ;  it  generally  contains  a 
single  oil-globule  (o.g.).     In  a  remarkable  manner  it  is  now  shot 

11—2 
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off  from  the  conidiophore,  usually  for  a  distance  of  about  a  centi- 
metre, although  I  have  seen  spores  discharged  to  a  distance  of 
70  mm.  In  this  way  the  ring  or  halo  of  white  spores,  which  are 
seen  around  the  dead  fly,  are  formed.  My  friend  Mr  H.  T.  Giissow 
has  confirmed  in  conjunction  with  me  the  external  infection  by 
the  conidiospores.  He  has  also  found  that  the  conidiospores  may 
be  taken  up  through  the  mouth,  and  fig.  74  shows  the  pro- 
boscis marks  of  flies  which  have  been  feeding  on  the  discharged 
conidiospores. 

In  some  cases,  although  I  find  that  it  is  not  an  invariable  rule 
as  some  would  suggest,  the  fly,  when  dead,  is  attached  by  its 
extended  proboscis  to  the  substratum.  Giard  (1879)  found  that 
blow-flies  killed  by  Entomophthora  calliphora  were  attached  by 
the  posterior  end  of  the  body.  If  the  conidia,  having  been  shot 
off,  do  not  encounter  another  fly,  they  have  the  power  of  producing 
a  small  conidiophore,  upon  which  another  conidium  is  in  turn 
developed  and  discharged.  If  this  is  unsuccessful  in  reaching  a 
fly  a  third  conidium  may  be  produced,  and  so  on.  By  this  peculiar 
arrangement  the  conidia  may  eventually  travel  some  distance,  and 
it  is  no  doubt  a  great  factor  in  the  wide  distribution  of  the  fungus, 
once  it  occurs.  On  the  fly  itself  short  conidiophores  may  be  found 
producing  secondary  conidia. 

Reproduction  by  conidia  appears  to  be  the  only  form  of  gene- 
ration, as  we  are  still  uncertain  as  to  the  occurrence  of  a  resting- 
spore  stage  in  this  species.  Winter  (1881)  states  that  he  found 
resting-spores  in  specimens  of  M.  domestica  occurring  indoors; 
they  also  produced  conidia  which  he  identified  as  E.  muscae. 
These  azygospores  measured  30-50  fx  in  diameter,  and  were  pro- 
duced laterally  or  terminally  from  hyphae  within  the  infected  fly. 
Giard  (I.e.)  describes  resting-spores  which  were  produced  externally 
and  on  specimens  found  in  cool  situations.  Brefeld,  however,  is  of 
the  opinion  that  E.  muscae  does  not  produce  resting-spores.  The 
question  of  the  production  of  resting-spores  needs  further  investi- 
gation, and  it  is  one  of  some  importance.  In  the  absence  of 
confirmatory  evidence  it  is  extremely  difficult  to  understand  how 
the  gap  in  the  history  of  the  Empusa,  between  the  late  autumn  of 
one  year  and  the  summer  of  the  next,  is  filled.  A  number  of  sug- 
gestions have  been  made,  many  of  which  cannot  be  accepted ;  for 
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example,  Bivfeld  believes  that  the  Empusa  is  continued  over  the 
winter  in  warmer  regions,  migrating  northwards  with  the  flies  on 
the  return  of  the  summer !     In  the  case  of  EntomophtJiora  cal- 
liphora,  Giard  believes  that  the  cycle  is  completed  by  the  corpses 
of  the  blow-flies    falling  to  the   ground,  when   the   spores  might 
germinate  in  the  spring  and  give  rise  to  conidia  which  infect  the 
larvae.    Olive  (1906)  studied  the  species  of  Empusa  which  attacks 
a  species  of  Sciara  (Diptera)  and  found  the  larvae  infected.     He 
accordingly  thinks  that  the  disease  may  be  carried  over  the  winter 
by  those  individuals  which  breed  during   that  period  in  stables 
and  other  favourable  places.     As   I  have   shown,  M.  domestica, 
under  such  favourable  conditions  as  warmth  and  supply  of  suitable 
larval  food,  is  able  to  breed  during  the  winter  months,  although  it 
is  not  a  normal  occurrence  so  far  as  I  have  been  able  to  discover. 
If,  then,  these  winter-produced  larvae  could  become  infected  they 
might  assist  in  carrying  over  the  fungus  from  one  year  to   the 
next,  and  thus  carry  on  the  infection  to  the  early  summer  broods 
of  flies.     This  suggestion  and  the  possible  occurrence  of  a  resting- 
spore  stage  or  the  infection  by  conidiospores  surviving  from  the 
previous  year,  appear  to  me  to  be  the  probable  means  by  which 
the  disease  may  be  carried  over  from  one  "  fly-season  "  to  the  next. 
Until  this  gap  in  the  life-history  is  filled  it  will  not  be  possible 
to  determine   experimentally   the   practical  value  of  this  fungus 
as  a  means  of  destroying  the  house-fly.     No  one,  so  far  as  I  am 
aware,  has  yet  succeeded  in  rearing  the  fungus  on  artificial  media 
although  many  attempts  have  been  made.     Nor  has  it  been  pos- 
sible in  my  own  experience  to  infect  flies  from  flies  of  a  previous 
year  which  have  been  killed  by  the  fungus.     Investigations  are 
now   being   conducted,   according   to   Bernstein   (1910),   on   this 
parasitic  fungus  in   connection  with    the   enquiry  of  the   Local 
Government  Board  and  the  results  will  be  awaited  with  interests 

^  Since  the  above  was  written  two  interesting  papers  on  this  subject  have 
appeared. 

Giissow  (1913)  has  given  the  results  of  a  careful  investigation  on  the  life-history 
of  E.  muscae.  He  did  not  succeed,  however,  in  carrying  cultures  of  the  fungus 
from  spore  to  spore  outside  the  fly  and  failed  to  find  resting-spores.  His  observa- 
tions indicate  that  flies  may  become  infected  by  ingesting  the  spores  into  the 
alimentary  tract. 

Buchanan  (1913)  studied  chiefly  the  possibility  of  bacterial  dissemination  by 
the  spores  of  E.  muscae  and  found  that  the  spores  were  able  to  take  up,  and  to  carry 
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when  discharged  from  the  bodies  of  the  flies,  bacteria  of  the  colon  group.  He  was 
unable  to  cultivate  the  fungus  artificially.  From  the  fact  that  in  the  body  of  the 
diseased  fly  the  fungal  hyphae  closely  invest  the  chorion  of  the  eggs  he  believes 
that  the  larvae  emerging  from  such  eggs  might  become  infected  with  the  fungus 
and  thus  transmit  the  infection  to  the  next  generation.  I  should  point  out,  how- 
ever, that  there  are  two  strong  objections  to  this  possibility.  First,  once  a  fly  is 
attacked  by  the  fungus  it  would  be  incapable  of  ovipositing  by  the  time  the  disease 
had  reached  a  stage  where  the  ovaries  have  become  infected  with  the  fungus. 
Secondly,  even  did  the  first  objection  not  exist,  the  emergence  of  the  larva  from 
the  egg  is  of  such  a  nature  as  to  permit  the  larva  to  escape  infection,  especially  as 
the  fungal  hyphae  do  not  penetrate  the  chorion  of  the  egg. 

Buchanan  records  the  fact  that  Morgan  has  succeeded  in  obtaining  an  artificial 
culture  of  the  fungus  (see  Brit.  Med.  Journ.  Jan.  4th,  1913). 


CHAPTER   XII 

INSECT  AN-D   VERTEBRATE   ENEMIES 

Parasitic  Insects. 

Like  other  insects,  the  house-fly  is  subject  to  the  attack  of  a 
variety  of  parasitic  enemies  and  in  the  course  of  some  investi- 
gations in  1908  on  the  house-fly  in  Illinois,  Girault  and  Sanders 
(1909, 1910)  found  a  number  of  Chalcidoid  parasites  of  M.  domestica 
and  its  near  relatives.     They  all  appeared  to  belong  to  the  family 


Fig.  75.     Spalangia  sp.,  a  parasite  reared  from  M.  domestica,      x  20. 

Pteromalidae  and  three  genera,  namely,  Spalangia  (fig.  75),  Nasonia 
and  Muscidifiirax  were  discovered  attacking  M.  domestica  and  other 
Muscids,  the  last  genus  being  previously  undescribed. 

In  the  first  of  the  two  papers  mentioned  the  parasite  Nasonia 
hrevicornis,  a  new  species,  is  described.  This  parasite,  the  authors 
state,  is  "  stolid  and  serious,  little  heeding  external  influences  and 
disturbances,  quietly,  persistently  giving  its    whole   attention  to 
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reproduction."  It  attacks  M.  domestica  in  the  j^upal  stage.  The 
female  is  a  minute  insect  measuring  from  1  nnn.  to  2"80  mm.  in 
length  and  is  of  a  metallic  dark  brassy-green  colour  ;  the  eyes  are 
garnet  coloured.  The  male  is  about  one-third  smaller  than  the 
female,  varying  in  length  from  0'60  mm.  to  2'00  mm.  It  is  lighter 
in  colour,  more  brassy  in  appearance,  metallic  and  gi-een ;  the  eyes 
are  sometimes  a  brilliant  carmine.  The  wings  of  the  male  appear 
to  be  functionless  as  they  have  never  been  seen  to  fly  and  although 
the  female  is  able  to  fly  both  sexes  appear  to  prefer  to  crawl  and 
are  able  to  crawl  quickly.  They  reproduce  very  rapidly  like  most 
Pteromalid  parasites.  Maggots  and  puparia  of  M.  domestica  were 
placed  in  a  breeding  jar  with  females  of  Nasonia  brevicornis  on 
September  9, 1908 ;  reproduction  of  the  parasites  occurred,  and  on 
September  26,  1908,  males  and  females  of  the  Pteromalid  parasites 
emerged.  The  average  life-cycle  of  Nasonia  brevicornis  under 
natural  temperatures  is  22|-  days ;  the  duration  of  the  develop- 
ment is  longer  in  the  spring  than  in  the  summer.  The  parasite 
hibernates  in  the  larval  stage  in  the  puparium  of  its  host  and 
transforms  to  a  pupa  in  the  spring ;  a  number  of  species  of  Ptero- 
malids  have  this  habit. 

Another  parasite  of  this  group  which  these  authors  have  found 
attacking  the  house-fly  is  Pachycrepoideus  dubius.  It  was  reared 
in  experiments  with  Nasonia  brevicornis  and  was  obtained  from 
the  pupae. 

The  same  authors  also  describe  a  third  Pteromalid  parasite 
attacking  Musca  domestica  and  its  coprophagous  allies.  This 
species  they  have  named  Muscidifurax  raptor;  it  is  a  minute 
black  insect  with  clear  wings  and  is  somewhat  solitary  in  its 
habits.  The  female  apparently  lays  from  thirty  to  forty  eggs 
which  are  deposited  in  the  pupae,  in  the  interior  of  which  the 
last  annual  brood  passes  the  winter  as  a  fuU-gTown  larva.  The 
average  duration  of  the  summer  broods  Avas  between  nineteen  and 
twenty  days. 

Richardson  (1913)  has  described  a  new  species,  Spalangia 
muscidarum,  which  was  bred  from  the  pupae  of  M.  domestica  and 
of  Stomoxys  calcit7'ans\ 

1  More  recently  Richardson  (1913)  has  described  the  habits  and  development  of 
Spalangia  muscidarum.     The  highest  proportion  of  parasitised  house-fly  puparia 
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There  is  no  doubt,  jndcring  fi-(jiii  the  numerical  abundance  of 
the  above  parasites  which  the  authors  indicate  in  their  papers, 
and  from  my  own  observations  in  the  case  of  another  species  of 
Pteromalid,  that  these  parasites  are  of  importance  in  h(jlding 
M.  domestica  in  check  where  the  parasites  are  sufficiently  abundant. 

In  addition  to  the  many  Chalcid  parasites  of  M.  domestica,  a 
number  of  parasites  belonging  to  the  family  Cynipidae  have  been 
reared  from  the  house-fly.  Most  of  the  Cynipidae  are  minute 
gall-forming  insects,  causing  some  of  the  well-known  galls  on 
plants   such    as    the    oak    galls.     One    sub-family,    the   Figitines, 


Fig.  76.     Figites  sp.     Muscicl  parasite,      x  28. 

however,  are  parasitic  on  the  larvae  of  insects,  having  been  ob- 
tained from  dipterous,  neuropterous  and  coleopterous  larvae,  and 
they  do  not  attack  plants.     These  insects  are  described  by  Kieffer 

found  was  9  Spalangia  larvae  and  pupae  from  22  puparia.  He  found  two  genera- 
tions, and  a  third  more  or  less  in-egularly,  each  year  in  Massachusetts.  The  winter 
is  probably  passed  in  the  pupal  stage  and  the  parasites  emerge  in  the  spring.  The 
second  and  strongest  generation  emerges  during  late  July  or  August,  while  a  third 
may  appear  late  in  September  or  early  October. 

Bishopp  (1913)  found  .S'.  nniscidariim  a  parasite  of  M.  domestica,  Stonioxys  calci- 
trans  and  Haematobia  serrata  in  Texas. 

Pinkus  (1913)  studied  the  life-history  and  habits  of  Spalangia  muscidanim  as  a 
parasite  of  S.  colcitrans  at  Dallas,  Texas.  The  parasitism  of  31.  domestica  was 
also  studied  and  he  discusses  the  possibility  of  the  artificial  propagation  of  the 
parasites. 
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(1902)  in  his  monograph  on  the  Cynipidae.  The  members  of  the 
genus  Figites  (fig.  76)  are  parasitic  on  dipterous  larvae  which  live 
in  various  kinds  of  excrement,  and  in  consequence  the  minute 
adult  flies  may  be  caught  frequenting  human,  horse,  coav  and 
other  kinds  of  excrement  for  the  purpose  of  depositing  theii'  eggs 
on  the  dipterous  larvae  which  may  be  found  there.  The  species 
most  commonly  attacked  belong  to  the  genera  of  the  dipterous 
families  which  have  coprophagous  larvae,  such  as  the  Muscidae, 
Anthomyidae,  Sarcophagidae  and  Scatophagidae.  The  commonest 
species,  Figites  scutellarius  Rossi,  has  been  reared  by  Forster  from 
M.  domestica  according  to  Dalla-ToiTe.  Other  species  Avhich  have 
been  reared  from  M.  domestica  are  F.  striolatus  and  F.  antho- 
inyiarum.  Further  investigations  will  no  doubt  indicate  that  a 
number  of  the  species  of  Figites  which  have  already  been  de- 
scribed are  able  to  parasitise  M.  domestica. 

Predaceous  Insects. 

As  Howard  has  pointed  out,  it  is  a  remarkable  fact  that  the 
larvae  of  M.  domestica  are  not  destroyed  to  a  greater  extent  than 
our  observations  would  appear  to  indicate  by  the  numerous  species 
of  predaceous  insects  which  feed  upon  soft-bodied  insects.  To 
a  small  extent  the  gi'ound-beetles  (Carabidae)  and  rove-beetles 
(Staphylinidae)  may  sometimes  be  found  feeding  or  induced  to 
feed  upon  the  larvae  of  M.  domestica,  but  not  to  the  extent  that 
they  are  accustomed  to  feed  upon  other  soft-bodied  larvae  such  as 
many  lepidopterous,  coleopterous  and  other  dipterous  larvae. 

Packard  (1874)  records  the  occurrence  of  what  was  probably  a 
Dermestid  beetle,  which  he  figures ;  this  was  found  by  him  in  a 
pupa  of  if.  domestica.  Berg  (1898)  states  that  in  South  America 
a  species  of  beetle,  Trox  suberosus  F.,  locally  known  as  "  Champi," 
is  an  indirect  destructor  of  the  common  fly. 

Ants  are  frequently  responsible  for  the  destruction  of  M.  do- 
mestica in  the  egg,  larval  and  adult  stage.  Wheeler  (1910)  records 
ants  feeding  on  house-flies  and  their  larvae.  He  informs  me  that 
he  has  seen  the  Fire  Ant  Solenopsis  geminata  Fab.  at  Quiragua, 
Guatemala,  feeding  upon  the  larvae  of  M.  domestica  which  they 
extracted  from  human  excrement.     Howard  (1911)  refers  to  the 
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observations  of  a  number  of  persons  (Hi  t  he  destruction  of  M.  domes- 
tica  by  ants.  Capt.  P.  L.  Jones  found  it  impossible  to  rear  M. 
doniestica  in  the  Philippine  Islands  unless  the  eggs  and  larvae  (in 
manure)  were  protected  from  ants.  Stallman  (1912)  reports  the 
destruction  of  fly  larvae  by  red  ants  in  Arizona,  It  would  appear, 
however,  that  usually  ants  do  not  prey  upon  ilf.  doniestica  to  an 
extent  sufficient  to  make  the  results  of  their  predatory  habits 
appreciable. 

The  common  species  of  wasps  (Vespa  spp.)  have  been  frequently 
observed  by  myself  and  others  preying  upon  flies  which  they 
occasionally  destroy  in  large  numbers.  A  Canadian  engineer,  who 
had  been  engaged  in  railroad  construction  in  northern  Ontario, 
described  to  me  the  mystification  caused  by  the  presence  of 
large  numbers  of  the  wings  of  flies  on  the  table  of  their  cabin. 
On  investigation,  it  was  found  that  a  large  species  of  Avasp  was 
catching  the  flies  in  the  cabin ;  after  capturing  a  fly  the  wasp  took 
it  to  a  beam  immediately  over  the  table  and  there  cut  off  the 
wings  before  eating  it  or  carrying  it  away. 

The  large  hairy  Robber-flies  of  the  dipterous  family  Asilidae 
frequently  catch  flies.  I  have  observed  and  captured  Laphria 
canis  Will,  in  the  act  of  catching  and  eating  M.  domestical. 

In  some  parts  of  India  it  is  the  custom,  I  have  been  informed 
by  residents  in  that  country,  to  employ  a  species  of  Mantis,  one  of 
the  predatory  "  praying  insects,"  to  destroy  the  house-flies. 

Compere  (1912)  has  found  earwigs  destroying  the  maggots  of 
stable-flies  in  fresh  manure  in  southern  China  and  believes  that 
they  are  an  important  factor  in  the  control  of  house-flies  in 
Hongkong.  It  is  hardly  likely,  however,  that  they  would  exert 
so  great  an  influence  as  is  suggested. 

The  destruction  of  the  larvae  of  M.  doniestica  by  the  larvae  of 
the  allied  muscid  Muscina  stabidans  and  of  Hydrotaea  dentipes, 
is  recorded  by  Portchinsky  (1913).  He  found  that  the  larvae  of 
M.  stabulans,  having  completed  the  second  stage,  follow  and  attack 
the  larvae  of  M.  doniestica  and  soon  exterminate  all  that  happen  to 
be  living  with  them.      The  larva  of  M.  stabidans  that  had  killed 

^  Since  the  above  was  written  I  have  described  (Hewitt,  1914)  the  predaceous 
habits  of  the  common  yellow  dung  fly  Scatophaga  stercoraria  L.  which  was  found 
destroying  M.  doniestica  and  other  Muscidae. 
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the  larva  of  M.  domestica  was  never  observed  to  devour  it  alone, 
a  number  of  other  individuals  usually  joined  in  the  feast.  Nor 
were  the  larvae  of  M.  stabukins  ever  seen  to  devour  each  other. 
Portchinsky  also  found  that  they  would  bore  into  and  eat  the 
bodies  of  dead  flies.  The  habits  of  M.  stabidans  are  considered 
later  (pp.  207-210). 

Vertebrate  Enemies. 

That  the  house-fly  has  a  number  of  vertebrate  enemies,  exclu- 
sive of  man,  is  a  matter  of  common  observation.  Cats  will  some- 
times sit  in  a  window  and  catch  flies.  Rats  have  also  been  observed 
destroying  flies.  Birds  will  destroy  M.  domestica  in  both  the 
adult  and  larval  stages  though  not  in  preference  to  other  species 
of  insects. 

Poultry  will  feed  upon  the  larvae  and  pupae  of  M.  domestica 
which  they  may  find  in  the  stable-yard  and  are  sometimes  of  some 
service  in  this  respect. 

Lizards,  toads  and  frogs  will  capture  the  adult  flies  whenever 
an  opportunity  occurs,  but  their  influence  in  the  matter  of  control 
is  too  slight  to  be  noticeable. 
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Herpetomoxas  muscae-domesticae  Burnett. 

The  Herpetomonas  of  the  house-fiy,  Herpetonionas  muscae- 
domesticae  Burnett,  has  been  known  for  many  years  as  a  flagellate 
parasite  of  the  alimentary  tract  of  M.  domestica,  but  the  discovery 
of  the  relation  to  certain  diseases  of  a  number  of  species  of  Tiy- 
panosomes  and  allied  flagellates  has  been  responsible  for  a  con- 
siderable addition  to  our  knowledge  of  the  life-history  of  this  and 
other  species  of  flagellates  inhabiting  the  alimentary  tracts  of 
insects. 

In  1878  Stein  figured  a  flagellate  which  he  called  Cercomonas 
muscae-domesticae,  identifying  it  with  the  Bodo  muscae-domesticae 
described  by  Burnett  and  the  Cercomonas  muscarum  of  Leidy. 
For  this  form  Kent  (1880-81)  instituted  a  new  genus  Herpetomonas. 
When  the  haemo-flagellates  were  being  studied  some  years  later, 
Prowazek  (1904)  described  with  great  detail  the  development  of 
this  species.  In  the  previous  year  Leger  (1908-1909)  had  given 
a  short  account  of  the  species.  Patton  (1908-1909)  has  also 
described  the  life-history  of  H.  muscae-domesticae,  and  his  account 
has  been  confirmed  by  Porter  (1909),  Mackinnon  (1910)  and 
Wenyon  (1911  and  1918)  who  in  his  later  paper  gives  a  careful 
account  of  the  cytology  of  the  flagellate. 

The  full-grown  flagellate  (fig.  77,  VIII)  measures  30-50  fx  in 
length.  The  body  is  flattened  and  lancet-shaped,  the  posterior 
end  being  pointed  and  the  anterior  end  bluntly  rounded.  The 
alveolar  endoplasm  contains  two  nuclear  structures.  In  the  centre 
is  the  large  "  trophonucleus "  {tr.) ;  it  contains  granules  of  chro- 
matin, but  is  sometimes  difficult  to  see.     Near  the  anterior  end 
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the  deeply  staining  rod-shaped  "  kinetonucleus  "  (blepharoplast  of 
many  authors)  (k.)  lies,  usually,  in  a  transverse  position.  The 
single  stout  flagellum,  which  is  a  little  longer  than  the  body  of 
the  flagellate,  arises  from  the  anterior  end,  near  the  kinetonucleus. 
Prowazek  describes  the  flagellum  as  being  of  a  double  nature  and 
having  a  double  origin ;  this,  which  is  a  mistaken  interpretation 
is  repeated  by  Lingard  and  Jennings  (1906).  Prowazek  (1913) 
has  corrected  what  he  considers  misinterpretations  of  his  original 
statements  concerning  H.  nniscae-domesticae.  By  statistical 
methods  he  has  found  that  the  gi'eater  number  of  the  flagellates 
examined  in  Rovigno  are  biflagellate. 

This  mistake  concerning  the  double  nature  of  the  flagellum 
was  pointed  out  by  Leger  and  Patton,  and  their  ideas  have  since 
been  confirmed  by  Porter,  Mackinnon  and  Wenyon,  who  have 
studied  this  and  other  species  of  Herpetomonas.  In  some  flies 
Porter  found  that  practically  every  H.  muscae-doniesticae  which 
was  seen  exhibited  the  so-called  "  double-flagellum."  The  appear- 
ance of  a  double-flagellum  represents  the  beginning  of  the  longi- 
tudinal division  of  the  flagellate  (VI).  Patton  (1908)  figures  a 
stage  in  H.  lygaei  with  a  double-flagellum,  and  Leger  (1902)  and 
Porter  found  the  same  appearance  in  H.  jaculiim  preparatory  to 
division.  From  the  figures  that  these  authors  give  it  may  be 
understood  how  this  mistake  has  arisen.  Through  this  misinter- 
pretation Prowazek  was  led  to  consider  that  the  parasite  was  of  a 
bipolar  type,  in  which  the  body  has  been  doubled  on  itself  so  that 
the  two  ends  came  together  and  the  flagellum  remained  distinct. 
The  flagellum,  according  to  Leger,  is  continued  into  the  cytoplasm 
as  a  thin  thread,  which  stains  with  difliculty,  and  terminates  in  a 
double  granule  above  the  kinetonucleus;  this  double  granule  is 
no  doubt  the  "  diplosome  "  of  Prowazek.  According  to  the  latter 
author  another  deeply  staining  double  thread  {s.t.),  that  appears 
to  be  spirally  coiled,  runs  backwards  from  the  kinetonucleus  and 
terminates  posteriorly  in  a  distinct  granule,  shown  in  fig.  77,  VIII. 
Wenyon  (1913)  believes  that  a  cytopharynx  is  present,  using  as 
an  argument  the  presence  of  bipolar  bodies  which  he  believes  are 
bacteria  taken  up  by  the  Herpetomonas. 

The  flagellates  congregate  in  the  proventriculus  or  in  the 
posterior  region  of  the  intestine,  where   they  become  united  by 
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Fig.  77.  Diagram  of  the  life-cycle  of  Herpetomonas  vmscae-domesticae  Burnett. 
An-angement  chiefly  after  Patton ;  figures  after  Leger,  Patton,  and  Prowazek. 
I — III.  Pre-flagellate  stage.  IV — VIII.  Flagellate  stage:  V.  Young  flagel- 
late. VI.  Flagellate  beginning  to  divide,  flagellum  having  already  divided. 
VII.  Advanced  stage  of  division.  VIII.  Adult  flagellate.  IX — XI.  Post- 
flagellate  stage:  IX.  Degeneration  of  flagellum.  Xa.  Post-flagellate  stage 
completed  by  formation  of  gelatinous  covering,  containing  double  row  of 
granular  bodies  (Prowazek).  f.v.  Flagellar  vacuole.  k.  Kinetonucleus. 
s.t.  Spiral  chromophilous  thread.        tr.  Trophonucleus. 


176  PROTOZOAL   PARASITES 

their  anterior  ends  to  form  rosettes.  Prowazek  states  that  in  the 
rosette  condition  the  living  portion  of  the  flagellate  resides,  as  it 
were,  in  the  long  tail-like  process. 

Patton  divides  the  life-cycle  of  H.  muscae-domesticae  into 
three  stages — the  pre-flagellate,  flagellate,  and  post-flagellate.  The 
last  two  are  common,  but  the  first  stage  is  not  common,  and 
Prowazek  appears  to  have  overlooked  it.  For  convenience  I  have 
described  the  flagellate  stage  first,  and  the  process  of  division  in 
this  stage  is  simple  longitudinal  fusion.  The  nuclei  divide  inde- 
pendently, and  the  kinetonucleus  usually  precedes  the  tropho- 
nucleus.  The  latter  undergoes  a  primitive  type  of  mitosis,  in  which 
Prowazek  recognised  eight  chromosomes  (VII).  The  flagellum 
divides  longitudinally,  and  each  of  the  two  halves  of  the  kineto- 
nucleus appropriates  one  of  the  halves  with  its  basal  granule. 

The  pre-flagellate  stage,  which  Patton  (1909)  describes,  usually 
occurs  in  the  masses  which  lie  within  the  peritrophic  membrane \ 
They  are  round  or  slightly  oval  bodies  (I),  their  average  breadth 
being  5*5  /x.  The  protoplasm  is  granular  and  contains  a  tropho- 
nucleus  and  kinetonucleus.  Division  takes  place  by  simple  longi- 
tudinal division  or  multiple  segmentation,  and  in  this  manner  a 
large  number  of  individuals  are  formed  (II  b  and  III).  These 
develop  into  the  flagellate  stage :  a  vacuole,  the  flagellate  vacuole 
(IIl,f.v.)  appears  between  the  kinetonucleus  and  the  rounded  end 
of  the  pre-flagellate  form,  and  in  it  the  flagellum  appears  as  a 
single  coiled  thread,  which  is  extended  when  the  vacuole  has 
approached  the  surface. 

The  flagellate  form  has  already  been  described,  and  in  the 
concluding  portion  of  the  flagellate  stage,  which,  according  to 
Prowazek,  is  found  in  starved  flies,  these  forms  are  found  collecting 
in  the  rectal  region,  and  attaching  themselves  by  their  flagellar 
ends  in  rows  to  gut  epithelium.  The  more  external  ones  begin  to 
shorten,  during  which  process  the  flagella  degenerate  (IX)  and  are 
shed.  Thus  a  palisade  of  parasites  is  formed,  the  outer  ones  being 
rounded  and  devoid  of  flagella,  and  some  of  them  may  be  found 
dividing  (X).  Leger  (1902)  terms  these  the  "formes  gregariennes," 
and  maintains  that  the  existence  of  these  "  gi-egarine  "  forms  is  a 

1  I  assume  that  Patton  refers  to   this  membrane  by  the   term  "  peritricheal 
membrane. ' ' 
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powerful  argument  in  favour  of  the  tiagellate  origin  of  the  Sporozoa, 
which  he  had  previously  suggested,  and  which  Butschli  had  put 
forward  in  1884.  After  the  degeneration  of  the  Hagcliuni  a 
thickened  gelatinous  covering  is  formed,  containing  a  double  row 
of  gi'anular  botlies  (X(t),  and  these  cysts  are  regarded  by  Patton 
as  the  post-fiagellate  stage.  Wenyon  {I.e.)  finds  that  nuclear 
multiplication  may  occur  during  encystment.  Dunkerly  (1911) 
describing  the  life-history  of  a  flagellate  under  the  name  of  Lepto- 
monas  miiscae-domesticae,  to  Avhich  reference  is  made  later,  records 
the  occurrence  in  the  rectum  of  flies  of  small  oval  bodies  similar  in 
appearance  to  these  cysts ;  they  were  found  near  the  rectal  glands, 
and  flies  containing  these  cysts  contained  no  flagellate  forms. 

The  cysts  pass  out  with  the  faeces  of  the  fly  and  dropping  on 
the  moist  window  pane  or  on  food  are  taken  up  by  the  proboscides 
of  other  flies  which  are  thus  infected. 

Prowazek  describes  dimorphic  forms  of  the  flagellate  stage, 
which  he  regards  as  sexually  differentiated  forms,  but  Patton,  in  a 
letter  to  me,  says  that  he  is  unable  to  find  any  of  these  com- 
plicated sexual  stages.  According  to  Prowazek,  one  of  these  forms 
is  slightly  larger  than  the  other,  and  has  a  gi-eater  affinity  for 
stain.  The  dimorphic  forms  conjugate ;  their  cell  substance  and 
nuclei  fuse,  and  a  resting-stage  cyst  is  formed,  but  the  subsequent 
stages  have  not  been  followed.  He  further  states  that  the  sexually 
differentiated  forms  may  force  their  way  into  the  ovaries  where 
they  undergo  autogamy  and  infect  the  subsequent  brood.  Mackinnon 
in  her  study  of  Herpetomonas  was  unable  to  find,  after  a  careful 
search,  any  infection  of  the  ova.  She  never  found  any  larval 
infection  in  M.  domestica,  but  it  was  commonly  found  in  Scato- 
phaga  and  Fannia.  It  is  suggested  that  the  infection  of  the  adult 
fly  is  probably  fresh  and  is  independent  of  that  of  the  larva. 

In  Madras  Patton  found  that  100  per  cent,  of  the  flies  were 
infected  with  the  flagellate ;  Prowazek  found  it  in  8  per  cent,  of 
the  flies  at  Rovigno.  In  the  cold  season  in  the  plains  (India) 
Lingard  and  Jennings  (I.e.)  found  the  flagellate  in  less  than  1  per 
cent,  of  the  flies  examined ;  in  the  hills  (Himalayas),  at  an  eleva- 
tion of  7500  feet,  the  flagellates  were  most  numerous  during  the 
hottest  season  of  the  year,  and  gradually  decreased  in  number  to 
October  and   November,  when  none  were   discovered.     Wenyon 

H.  H.-F.  12 
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(Ic.)  found  that  the  majority  of  house-flies  at  Aleppo,  Sp-ia, 
contained  H.  muscae-domesticae.  Although  fihus  of  the  contents 
of  the  alimentary  tracts  of  a  large  number  of  house-flies  were 
made  and  examined  by  me  at  Manchester  (England)  I  was  unable 
to  find  with  any  certainty  these  flagellates,  nor  was  Dunkerly  (I.e.) 
more  successful. 

One  of  the  chief  points  of  interest  in  connection  with  this 
flagellate  is  its  similarity  to  the  parasite  of  Kala-azar.  This  re- 
semblance prompted  Rogers  (1905)  to  suggest  that  the  latter 
parasite  was  a  Herpetomonas  which  Patton  has  since  not  only 
conclusively  proved  to  be  the  case  but  has  also  shown  that  the 
bed-bug  can  act  as  its  carrier. 

Critiiidia  muscae-domesticae  Werner. 

Werner  (1906)  described  this  ptirasite  jfrom  the  alimentary 
tract  of  3f.  domestica,  where  he  stated  that  it  occurred  in  the 
alimentary  tracts  of  four  out  of  eighty-two  flies  examined. 

It  measures  10-13  //.  in  length,  the  length  of  the  body  being 
5-7  /x  and  the  flagellum  2-6  //.  As  in  other  members  of  the  genus 
Crithidia,  which  is  closely  allied  to  Herpetomonas,  the  breadth  of 
the  body  is  great  compared  with  the  length,  and  the  kinetonucleus 
and  trophonucleus  are  rather  close  together.  A  short,  staining, 
rod-like  body  lies  between  the  kinetonucleus  and  the  base  of  the 
flagellum.  The  flagellum  is  single.  Dividing  forms  undergoing 
longitudinal  division  were  frequently  found.  The  kinetonucleus 
appears  to  divide  first,  followed  in  succession  by  the  flagellum  and 
the  trophonucleus.  Forms  undergoing  division  and  showing  a 
single  trcjphonucleus  and  double  kinetonucleus  and  flagellum  were 
also  found.  Cases  occurred  in  which  the  fission  began  at  the  non- 
flagellate  end  of  the  body.  No  conjugating  forms  were  found,  nor 
any  wandering  into  the  ovaries. 

Lingard  and  Jennings  (I.e.)  describe  certain  flagellates  of  a 
flag-shaped  or  rhomboidal  nature,  which  I  am  strongly  of  the 
opinion  are  species  of  Crithidia  and  not  species  of  Herpetomonas. 
Closely  following  Prowazek's  account  of  H.  muscae-domesticae  they 
describe  and  figure  all  their  forms  as  having  two  flagellae  in  the 
flagellate  stage.     If  one  allows  for  the  rupture  of  the  flagellum 
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from  the  bodies  of  the  organism  in  making  the  fihn,  some  of  their 
figures  are  not  unlike  those  of  Cnthidia  gerridis,  parasitic  in  the 
alimentary  tract  of  an  Indian  water-bug,  Gen-is  fossarum  Fabr., 
and  described  by  Patton  (1908). 

Rosenbusch  (1910)  describes  this  species  of  Crithidia  as  being 
ver}'  numerous.  The  flagellates  were  found  covering  considerable 
patches  of  the  peritrophic  membrane  of  the  intestine  to  which 
they  were  attached  by  their  anterior  ends.  They  showed  iiTegular 
flagellate  movements.  In  shape  they  were  flattened  laterally,  the 
end  of  the  body  gradual  h'  tapering  off  to  a  blunt  extremity.  The 
pointed  anterior  end  terminates  in  the  free  flagellum.  Rosenbusch 
gives  the  following  as  the  dimensions  of  his  flagellates :  length, 
8-25 /x;  width,  1-2/i;  length  of  flagellum,  12 /i.  Post-flagellate 
stages  were  also  found;  these  were  shortened  and  rounded  and 
possessed  no  flagellum. 

It  should  be  pointed  out  that  there  is  in  the  minds  of  a 
number  of  those  who  have  studied  these  flagellates  a  doubt  as  to 
whether  these  flagellates,  which  have  been  described  as  Cnthidia, 
are  really  distinct  parasites ;  they  may  be  stages  in  the  life-history 
of  Herpetomonas.  Patton  and  Strickland  (1908)  call  attention  to 
the  marked  resemblance  of  Werner's  parasites  to  the  post-flagellate 
stages  of  Herpetomonas  muscae-domesticae.  In  li^'ing  specimens 
Patton  has  seen  the  flagellates  of  the  house-fly  collecting  in  masses 
in  the  rectum  of  the  insect  where  the  t}"pical  long  forms  shorten, 
di\ade  and  eventually  round  up,  and  these  authors  rightly  point 
out  that  Werner's  contention  that  the  difference  in  size  between 
his  parasites  {Crithidia)  and  the  flagellates  of  H.  muscae-domesticae 
is  an  argument  in  favour  of  their  being  unconnected  forms  \vill  not 
hold  good  in  view  of  the  marked  dissimilarity  in  form  found  in 
the  different  stages  of  the  life-history  of  H.  m,uscae-domesticae. 
Dunkerly  (I.e.)  has  described  as  a  distinct  flagellate  Leptomonas 
muscae-domesticae,  to  which  I  shall  refer  shortly.  Here  again  a 
non-specialist  of  the  flagellates  Ls  in  doubt  as  to  its  relationship. 
Further  investigation  will  alone  clear  up  these  uncertain  and 
disputed  points ;  in  the  meantime  I  am  recording  these  flagellates 
under  the  names  and  in  the  manner  in  which  thev  have  been 
described.  They  may  be  distinct  or  developmental  forms  of  two 
species  or  of  only  one. 

12-2 
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Leptomonas  muscae-domesticae.  In  a  paper  on  some  stages  in 
the  life-history  of  what  he  considers  to  be  a  distinct  flagellate, 
Dunkerly  (I.e.)  attempts  to  show  that  CrithicUa  is  not  a  valid 
genus  and  cannot  be  applied  as  a  generic  name  to  any  form,  as  it 
has  simply  been  the  name  given  to  two  stages  of  a  Leptomonas. 
He  describes  a  Leptomonad  which  actively  divides  in  the  intestine 
or  in  the  malpighian  tubules  of  the  fly  and  also  very  active  slender 
forms  which  often  show  an  undulating  membrane.  Encystment 
while  attached  to  the  rectal  wall  in  large  numbers  probably  takes 
place  and  the  cysts  may  be  passed  out  with  the  faeces  and  thus 
infect  fresh  flies.  Porter  (1911)  calls  attention  to  the  faulty 
reasoning  contained  in  Dunkerly's  paper,  as  she  considers  it,  and 
the  lack  of  evidence.  Wenyon  (I.e.)  believes  that  the  Leptomonas 
of  Roubaud  and  others  is  merely  a  not  actively  dividing  Herpeto- 
monas  muscae-domesticae  and  that  both  may  pass  through  a 
transition  into  flagellates  of  a  trypanosome  type. 

Patton  (1909)  refers  in  a  critical  paper  to  the  discovery  which 
he  made  of  another  flagellate  in  the  malpighian  tubules  of 
J/,  domestica  but  I  am  unaAvare  of  any  further  reference  to  it. 


CHAPTER   XIV 

THE   PARASITIC   NEMATODE  :    HABRONEMA   MUSCAE  CARTER 

Carter  (1861)  appears  to  be  the  first  to  have  described  a 
parasitic  worm  in  M.  domestica.  He  describes  a  bi-sexual  nematode 
infesting  this  insect  in  Bombay  and  found  that :  "  Every  third  fly 
contains  from  two  to  twenty  or  more  of  these  worms,  which  are 
chiefly  congregated  in,  and  confined  to,  the  proboscis,  though 
occasionally  found  among  the  soft  tissues  of  the  head  and  posterior 
part  of  the  abdomen."  His  description  of  this  nematode,  to  which 
he  gave  the  name  Filaria  miiscae,  is  as  follows  :  "  Linear,  cylin- 
drical, faintly  striated  transversely,  gradually  diminishing  towards 
the  head,  which  is  obtuse  and  furnished  with  four  papillae  at  a 
little  distance  from  the  mouth,  two  above  and  two  below;  diminish- 
ing also  towards  the  tail,  which  is  short  and  terminated  by  a 
dilated  round  extremity  covered  with  short  spines.  Mouth  in  the 
centre  of  the  anterior  extremity.  Anal  orifice  at  the  root  of  the 
tail."  He  gives  the  length  as  being  one-eleventh  of  an  inch  and 
the  breadth  as  one  three  hundred  and  thirteenth  of  an  inch.  In  his 
description  of  his  figures  of  the  worm  he  calls  what  is  evidently 
the  anterior  region  of  the  intestine  the  "liver."  Leidy  (1874) 
found  from  one  to  three  specimens  of  F.  muscae  in  about  one  fly 
in  five.  He  stated  that  this  parasitic  worm  was  one-tenth  of  an 
inch  long  and  occurred  in  the  proboscis.  Ercolani  (1874)  describes 
the  discovery  of  a  nematode  in  the  proboscides  of  flies.  Yon  Linstow 
(1875)  describes  a  small  nematode,  which  he  calls  Filaria  stomoxeos, 
fi-om  the  head  of  Stomoxys  calcitrans;  this  larva  measured  1'6  to 
2  mm.  in  length.  Ransom  (1913)  points  out  that  this  may  be  the 
larva  of  Habronema  microstoma.     Harrington  (1883)  refers  to  a 
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paper  read  by  Taylor  before  the  Montreal  meeting  of  the  American 
Association  for  the  Advancement  of  Science  on  "  The  House-fly  as 
a  Carrier  of  Contagion."  This  observer,  when  dissecting  a  house- 
fly, noticed  a  minute  thread-worm  emerging  from  the  ruptured 
proboscis  measuring  eight-hundredths  of  an  inch  in  length.  Inci- 
dentally, the  same  investigator  reported  the  results  of  feeding  flies 
on  the  spores  of  the  red  rusts  of  gi'asses  (Tricholoma)  and  found 
these  ingested.  Generali  (1886)  describes  a  nematode  from  the 
common  fly,  which  he  calls  Nematodum  spec.  It  is  highly 
probable,  as  my  friend  Dr  A.  E.  Shipley  suggested  to  me,  that 
Generali's  nematode  and  the  F.  muscae  of  Carter  are  identical. 
Diesing  (1861)  created  the  genus  Habronema  for  the  Filaria 
muscae  of  Carter,  and  his  description  is  practically  a  translation  of 
Carter's  original  description.  Piana  (1896)  describes  a  nematode 
from  the  proboscis  of  M.  domestica,  which,  in  the  occurrence  of  the 
male  and  female  genital  organs  in  the  same  individual,  he  says, 
resembles  Carter's  nematode.  He  finds  that  at  certain  seasons  of 
the  year  and  in  certain  localities  it  is  very  rare,  while  at  others  it 
may  occur  in  20-30  per  cent,  of  the  flies.  The  larva,  after  fixation, 
measured  2'68  mm.  in  length  and  0'08  mm.  in  breadth.  It  was 
cylindrical  and  gently  tapering  off  at  the  extremities,  with  the 
mouth  terminal. 

In  many  hundreds  of  flies  which  I  dissected  when  making  the 
morphological  studies  which  have  been  described  in  the  earlier 
chapters  of  this  book,  only  two  specimens  of  this  nematode  were 
found,  but  as  I  did  not  seek  it  specially  it  is  very  possible  that 
specimens  may  have  been  unnoticed.  The  specimens  which  I  found 
measured  2  mm.  in  length  and  agi'eed  entirely  with  the  descriptions 
of  Habronema  muscae  (fig.  78).  Both  specimens  were  found  in 
the  head  between  the  optic  ganglia  and  the  cephalic  air  sacs. 

Recently,  a  very  complete  and  unusually  interesting  study  of 
Habronema  muscae  (Carter)  has  been  made  by  Ransom  (1911, 
1913).  This  author  has  cleared  up  the  mystery  which  hitherto 
surrounded  the  parentage  of  this  nematode  and  has  discovered 
that  the  adult  is  a  parasite  of  the  horse,  the  house-fly  acting  as  a 
carrier  of  the  larval  form.  The  following  account  is  taken  from 
Ransom's  description  of  the  occurrence,  structure  and  life-history 
of  H.  muscae. 
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One  hundred  and  thirty-seven  flies  were  examined  by  liim 
the  presence  of  Hahronema;  39  of  these,  or  28  per  cent,  were 
found  to  bo  infested.  While  Carter  fouiid  as  many  as  20  hirval 
nematodes  in  a  single  tiy,  Ransom  never  found  more  than  8.  Out 
of  43  flies  of  which  a  record  was 
kept  25  had  but  one  parasite,  6  had 
2  parasites,  6  had  3  parasites,  3  had 

4  parasites,  2  had   5  parasites,  and 
1   had  8  parasites. 

A  record  was  kept  of  the  location 
of  the  parasites  in  the  case  of  37 
flies.  In  17  cases  the  head  was  in- 
fested, in  8  cases  the  thorax,  and  in 
19  cases  the  abdomen.  In  12  cases 
the  head  only  was  infested,  in  4  cases 
the  thorax  only,  and  in  15  cases  the 
abdomen  only.  In  one  case  6  larvae 
were  found  in  the  head ;  the  largest 
number  found  in  the  abdomen  was 

5  (in  one  case).  Encysted  larvae 
were  found  in  the  abdomen  in  6 
flies,  in  5  of  which  no  worms  were 
present  in  either  the  head  or  thorax. 
All  of  the  flies  in  which  encysted 
larvae  were  found  had  recently 
emerged. 

One  hundred  and  thirty-seven 
pupae  were  examined  and  a  record 
kept  and  larvae  of  Hahronema  were 
found  in  23,  that  is  in  17  per  cent. 
The  author  points  out  that  some  of 
the  younger  stages  of  the  parasites 
may  have  escaped  detection.  En- 
cysted worms  were  found  in  11  out 
of  23  pupae.     The  location  of  the     t.     r,o  rr  ,  ,^       , 

,  .  t IG. 78.  Hahronema>nU!icae[C&vteic). 

larvae  m  the  pupae  was  as  follows  :  Full  grown  larva,    x  85.    g.a. 

abdomen  infested  nine  times,  head  Genito-anal  aperture. 

.1  ^    1  fii  CauAh]  end  oi  Habroneinaimiscae. 

once,  thorax  once.     Only  one  nema-  x  360. 
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tode  was  found  in  170  larvae  of  M.  domestica;  this  specimen  was 
encysted. 

The  adults  of  Hahronema  muscae  were  found  in  the  stomach 
of  the  horse  together  with  the  last  larval  stage,  which  is  the  last 
stage  in  the  fly  and  the  first  in  the  horse.  The  adult  male  of 
H,  muscae  varies  in  length  from  8  to  14  mm.,  and  from  250  to 
300 /x  in  maximum  width.  The  female  varies  in  length  from  13 
to  22  mm.,  and  in  width  in  the  region  of  the  vulva  from  250  to 
400  /ti.  The  cuticle  is  faintly  marked  with  transverse  striations. 
The  head  is  armed  with  two  lateral  and  four  submedian  papillae. 
The  tail  of  the  male  curves  ventrally.  The  spicules  are  very  dis- 
similar; the  left  spicule  is  long  and  slender  measuring  about  25  mm. 
in  length,  the  right  spicule  is  shorter  and  thicker  measuring  about 
500  fjb  in  length.  In  the  female  the  vulva  is  situated  about  one- 
third  of  the  length  of  the  body  from  the  anterior  end. 

The  eggs  in  the  uterus  of  H.  muscae  measure  about  40-50  /j, 
long  by  10-12  /a  wide.  The  embryos  pass  out  of  the  body  of  the 
horse  in  the  faeces.  It  has  not  been  determined  whether  they 
undergo  further  development  before  entering  the  larvae  of 
M.  domestica  or  whether  their  entry  is  forcible  or  with  the  food ; 
the  latter  method  of  entry  seems  the  more  probable.  The  earliest 
definitely  knowTi  larval  stage  of  H.  muscae  found  in  the  fly  oc- 
curred in  a  pupa  from  a  culture  of  horse  faeces.  This  specimen 
measured  450  ^  in  length.  Second  stage  larvae  were  found 
enclosed  in  a  cyst.  The  sixth  larval  stage,  which  is  the  final 
larval  stage,  was  found  in  both  flies  and  horses ;  the  length  varies 
from  2"6  to  3"2  mm.,  and  the  width  at  the  widest  part  from  55  to 
70  ^i.  The  larval  stage  is  reached  about  the  time  the  flies  emerge 
from  the  pupal  state.  The  infection  of  the  horse  probably  takes 
place  by  the  swallowing  of  infected  flies  or  of  larvae  which  have 
escaped  from  flies.  As  the  proboscis  of  the  fly  is  a  common 
location  of  the  larval  nematodes  the  escape  of  the  larval  nematodes 
on  to  the  moist  surface  of  the  horse's  lips  is  not  unlikely. 

Ransom  points  out  that  the  presence  of  larval  nematodes  in 
flies  is  of  interest  to  entomologists  and  sanitarians  alike,  as  it  may 
serve  as  a  means  of  determining  with  some  degree  of  accuracy 
Avhat  proportion  of  flies  in  a  given  locality  find  their  breeding 
place  in  horse  manure. 
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The  occurrence  of  parasitic  nematodes  in  the  head  of  the  fly  is 
of  further  economic  interest,  for  although  M.  domestica  is  not  a 
blood-sucking  species  and  the  nematode  previously  described  is 
not  of  the  nature  of  the  pathogenic  Filaria  bancrofti,  there  is  no 
reason  why  the  house-fly  should  not,  under  the  necessary  con- 
ditions, carry  pathogenic  nematodes  which  might  easily  get  on  to 
the  food  of  man. 


PAET   lY 

OTHER    SPECIES    OF    FLIES    FREQUENTING    HOUSES 

CHAPTER   XV 

THE   LESSER   HOUSE-FLY   FANNIA   CANICULARIS  L^. 
AND   THE   LATRINE   FLY,   F.   SCALARIS  FAB. 

The  two  species  of  flies  Fannia  canicularis  L.  and  F.  scalers 
Fab.  are,  on  account  of  their  habits,  of  considerable  economic  im- 
portance in  their  relation  to  man.  They  belong  to  the  dipterous 
family  Anthomyidae,  many  of  which  resemble  the  house-fly  in 
general  appearance,  on  which  account  F.  canicularis  is  very  fi*e- 
quently  mistaken  by  the  uninitiated  for  M.  domestica  which  are 
not  full  grown  or  "young"  house-flies.  They  are  characterized 
chiefly  by  the  close  approximation  of  the  eyes  of  the  male,  the 
comparatively  large  squamae  or  lobes  on  the  posterior  sides  of 
the  bases  of  the  wings,  and  the  open  first  posterior  or  apical 
cell  (5  R.)  of  the  wing  (cf.  fig.  7).  Most  of  the  larvae  feed  upon 
decaying  vegetable  or  animal  substances. 

Without  close  examination,  the  tAVO  species  under  examination 
are  liable  to  be  mistaken  for  the  same  species,  but  such  an  exami- 
nation will  serve  to  separate  them.  The  abdomens  of  both  species 
are  conical,  but  the  basal  segments  of  the  abdomen  of  F.  canicu- 
laris are  partially  translucent,  and  the  abdomen  of  F.  scalaris  is 
black  overspread  with  bluish  gi^ey ;  each  of  the  mid  tibiae  of  the 
latter  species  bears  a  distinct  tubercle  which  is  not  found  in 
F.  canicularis  (fig.  81). 

^  Until  recent  years  this  species  has  always  been  referred  to  as  Homalomyia 
canicularis,  but  by  the  rules  of  priority  the  generic  name  Fannia  of  Eobineau 
Desvoidy,  1830,  which  was  given  in  his  Essai  sur  les  Myodaires,  will  have  to  replace 
Bouche's  genus  Homalomyia,  by  which  generic  name  these  species  have  been 
previously  designated  but  which  genus  was  not  created  until  1834. 
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Fig.  79.     Lesser  House-fly,  Fannia  canicularh  L.     Male. 
Fig.  80.     Stable  Fly,  Stomoxys  calcitrans  L.     Female. 
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The  Lesser  House-fly.     Fannia  canicnlans  L. 

This  species  (fig.  79)  is  the  less  common  of  the  two  species 
of  Hies  found  in  liuuses.  Its  occurrence  and  frequency  are,  how- 
ever, very  variable,  and  no  valid  explanation  has  been  found  so  far 
in  my  investigations  to  account  for  this  variability.  F.  canicularis 
is  more  abundant  than  31.  domestica  for  a  short  time  during  the 
early  part  of  the  summer,  usually  in  May  and  June.  With  the 
beginning  of  the  hot  weather  the  numbers  of  the  latter  increase 
enormously  and  replace  the  Lesser  House-fly.  In  many  cases  which 
were  observed  the  latter  seemed  to  retreat  in  small  numbers  to 
the  rooms  of  the  house  not  devoted  to  cooking,  and  they  may 


^^^y 


Fig.  81.     Median  joints  of  middle  pair  of  legs  (right) ;    posterior  aspect. 
a.  Fannia  scalari><.  h.  F.  canicularis. 

be  frequently  found  flying  in  a  characteristic,  jerky  and  hovering 
manner  around  chandeliers,  etc.,  in  the  living  and  bed  rooms. 
In  country  houses,  however,  they  frequently  occur  in  numbers 
in  the  kitchens,  as  an  examination  of  fl^^-traps  and  papers  in 
such  places  indicates.  An  observation  recorded  by  Austen  (1911) 
illustrates  the  earlier  occurrence  of  F.  canicularis  as  compared 
Avith  M.  domestica.  Out  of  a  collection  of  more  than  430  flies 
caught  in  a  kitchen  in  Leeds,  from  May  19th  to  July  18th, 
only  48  specimens  of  M.  domestica  occurred,  all  the  rest  being 
F.  canicularis,  which  outnumbered  the  former  in  the  ratio  of 
8  or  9-5  to  1. 


188  THE    LESSER   HOUSE-FLY    AXD   THE   LATRINE-FLY 

The  numerical  abundance  of  F.  caniculans  in  comparison  with 
the  abundance  of  M.  domestica  varies  considerably.  In  a  collec- 
tion of  4000  flies  which  I  made  in  different  situations,  such  as 
kitchens,  restaurants,  bed-rooms,  etc.,  in  1907,  this  species  formed 
11  "5  per  cent,  of  the  total  number.  In  1900  Howard  found  that 
in  collections  made  in  different  cities  of  the  United  States  only 
about  1  per  cent,  of  a  collection  of  over  28,000  flies  made  in 
rooms  where  food  was  exposed  were  F.  canicularis,  and  over 
98  per  cent,  were  M.  domestica.  Hamer  in  1908,  in  collections 
made  in  kitchens  and  "  living  rooms "  of  houses  near  depots  for 
horse-manure  in  London,  found  that  the  percentage  of  F.  canicu- 
laris varied  from  17  per  cent,  to  24  per  cent.  Niven  gives  the 
results  of  collections  made  at  six  different  stations  in  Manchester. 
The  total  number  of  flies  caught  was  8553,  of  which  8196  were 
M.  domestica,  293  F.  canicidaris,  and  64  were  other  species. 
Thus  F.  canicidaris  constituted  3'4  per  cent,  of  the  total  of  the 
fly  population.  Robertson  (1909)  gives  the  results  of  similar 
collections  made  in  Birmingham  where,  of  24,572  flies  caught, 
91  per  cent,  were  M.  domestica  and  4'7  per  cent,  were  F.  canicu- 
laris. From  observations  which  I  have  made  in  many  localities 
in  different  neighbourhoods,  I  do  not  think  that  this  species 
would  often  form  more  than  25  per  cent,  of  the  total  fly  popu- 
lation. After  M.  domestica,  however,  it  is  the  next  fly  of 
importance  inhabiting  houses,  and  well  deserves  the  title  of  the 
Lesser  House-fly.  It  is  known  in  Germany  as  "die  kleine 
Stubenfliege." 

The  male  of  F.  canicularis  differs  from  the  female  in  some 
respects.  In  the  male  the  eyes  are  close  together,  and  the 
frontal  region  is  consequently  very  narrow ;  the  sides  of  this, 
which  are  the  inner  orbital  regions,  are  silvery  white,  separated 
by  a  narrow  black  frontal  stripe.  In  the  female  the  space 
between  the  inner  margins  of  the  eyes  is  about  one-third  of 
the  width  of  the  head ;  the  frons  is  brownish  black,  and  the 
inner  orbital  regions  are  dark  ashy  grey.  The  bristle  of  the 
antenna  of  F.  canicularis  is  bare ;  in  M.  domestica,  it  will  be 
remembered,  the  bristle  bears  a  row  of  setae  on  its  upper  and 
lower  sides.  The  dorsal  side  of  the  thorax  of  the  male  is 
blackish    grey    with    three    rather    indistinct    longitudinal    black 
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lines.  In  the  female  it  is  of  a  lighter  grey,  and  the  three 
longitudinal  stripes  are  consequently  more  distinct.  The  abdo- 
men of  the  male  F.  canicidaris  is  narrow  and  tapering  compared 
with  that  of  M.  domestica.  It  is  bronze-black  in  colour,  and  each 
of  the  three  abdominal  segments  has  a  lateral  translucent  area,  so 
that  when  it  is  seen  against  the  light,  as  on  a  window-pane,  three 
and  sometimes  four  pairs  of  yellow  translucent  areas  can  be  seen 
by  the  transmitted  light.  In  the  female  the  abdomen  is  short 
in  proportion  to  its  length  and  is  pyriform  in  shape,  greenish  or 
brownish-grey  in  colour  with  a  golden  attachment.  The  average 
length  of  the  species  is  5*7  mm. 


Fig.  82.     Antennae,  (a)  of  F.  canicnlaris,  (/;)  of  M.  domestica. 

Great  disparity  in  the  proportion  of  males  to  females  is  found 
in  this  species  as  it  occurs  in  houses.  Hamer  showed,  in  1909, 
that  the  males  constitute  fi'om  75  to  85  per  cent,  of  the  total 
flies  of  this  species  caught  in  balloon  fly-traps  and  on  fly-papers. 
This,  however,  does  not  indicate  a  disparity  in  the  proportion 
of  males  to  females  in  the  species,  as  I  have  found  that  the 
females  are  more  commonly  found  out-of-doors,  e.specially  in  the 
neighbourhood  of  the  breeding-places. 

The  breeding  habits  of  this  species  are  somewhat  similar  to 
those  of  the  house-fly,  M.  domestica.  The  larvae  breed  in 
decaying  and  fermenting  vegetable  and  animal  matter,  and  also 
in  excrementous  matter.  In  1848  Heeger  recorded  it  as  living 
in  the  caterpillars  of  Epischnia  canella^ ;   Roth  found  them  in 

1  Larvae  of  F.  canicidaris  were  found  feeding  on  the  body  of  a  dead  caterpillar 
(Xylirni  sp.)  in  a  breeding  cage  in  my  laboratory  on  September  5th,  1913. 
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the  nest  of  the  humble  bee,  Bombus  terrestris,  and  Schiner 
observed  them  in  the  bottom  of  a  b(jx  in  which  a  dormouse 
had  been  kept.  Taschenberg  also  records  the  larvae  as  being 
found  in  snails,  in  old  cheese  and  in  pigeon-nests ;  he  reared  the 
flies  from  sugar-beet,  and  Brischke  found  the  larvae  in  the  stalks 
of  rape.  I  have  found  them  commonly  in  human  excrement  and 
in  a  variety  of  decaying  vegetable  substances,  even  in  rotting 
grass  {cf.  Stomoxys).  In  England  they  may  be  found  in  the 
larval  stages  from  May  to  October.  Howard  has  reared  them 
from  human  excrement  during  the  same  period  in  the  United 
States,  and  in  Canada  I  have  observed  the  same  period  for  the 
occun'ence  of  the  larval  stages.  Larvae  of  F.  canicularis  were 
found  by  Carter  and  Blacklock  (1913)  in  a  case  of  external 
myasis  in  a  monkey  {C'ercopithecus  callitrichus).  They  Avere 
removed,  together  with  the  larvae  of  Muscina  stabulans  and 
Calliphora  erythrocepJiala,  from  the  nasal  and  facial  region  and 
the  right  side  of  the  body  near  the  gi'oin,  but  it  is  probable,  as 
these  authors  point  out,  that  they  may  have  been  derived  from- 
an  external  source.     The  eggs  are  white  and  cylindrically  oval. 

The  larvae  of  F.  canicularis  (fig.  83)  is  wholly  different  from 
that  of  M.  domestica,  its  body  being  provided  with  a  number  of 
appendages  or  spiniferous  processes.  These  are  arranged  in  three 
pairs  of  longitudinal  series,  and  there  are  in  addition  two  pairs 
of  series  of  smaller  processes. 

The  body  is  compressed  dorso-ventrally,  and  the  surface  is 
roughened  in  character  and  in  places  spiniferous.  It  consists  of 
twelve  segments,  of  which  the  first,  or  pseudocephalic  segment, 
is  often  withdrawn  into  the  second  or  prothoracic  segment,  as 
shown  in  the  figure.  The  posterior  end  of  the  body  is  very 
obliquely  truncate.  The  full-gi"own  larva  measures  5  to  6  mm. 
in  length.  The  three  series  of  pairs  of  spiniferous  flagelliform 
processes,  or  appendages,  are  arranged  as  follows :  A  dorsal  series 
consisting  of  ten  pairs  of  processes,  commencing  with  an  antenna- 
like pair  of  processes  at  the  anterior  border  of  the  prothoracic 
segment  (segment  II)  and  slightly  increasing  in  size  posteriorly. 
A  latero-dorsal  series  of  ten  pairs  of  processes  which  commence 
on  segment  III  and  is  continued  to  the  posterior  end  of  the 
body.     A  latero- ventral  series  which  commences  on  segment  III 
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and  is  continued  posteriorly.  These  liagelliforni  processes  are 
spiniferous,  the  spines  being  well  developed  at  the  bases  of  the 
processes  and  gradually  decreasing  in  size  distally.  The  twelfth 
or  anal  segment  is  provided  with  three  pairs  of  these  processes 
of  unequal  size ;  the  most  an- 
terior pair  is  the  longest  on  the 
body,  and  the  intermediate  pair 
is  shorter. 

There  is  a  series  of  pairs  of 
small,  almost  sessile  branched 
appendages  (fig.  85)  situated 
near  and  slightly  posterior  to 
the  bases  of  the  latero-dorsal 
appendages.  These  were  de- 
scribed by  Kieffer.  Each  of 
these  processes  has  three  to 
four  branches,  and  they  carry 
a  small  nucleiform  organ  which 
Chevril  (1909)  has  also  de- 
scribed. He  believes  that  this 
organ  is  of  the  nature  of  an 
exuvial  gland  and  correspon- 
dent to  Verson's  gland. 

On  the  ventral  surface  of 
the  body,  and  extending  pos- 
teriorly from  segment  III,  there 
is  to  be  found  a  series  of  pairs 
of  small  spiniferous  papillae. 
Between  these  there  is  on  each 
segment  a  transverse  row  of 
four  groups  of  spines. 

The  anterior  or  prothoracic  spiracular  processes  (fig.  84)  have 
usually  seven  finger-like  lobes,  though  the  number  may  vary  fi-om 
five  to  eight,  and  between  the  second  and  third  lobes  there  appears 
to  be  a  small  stigmatic  organ.  The  posterior  spiracular  processes 
have  a  trilobed  appearance,  but  a  close  examination  reveals  their 
four-lobed  character  shown  in  fig.  86 ;  a  stigmatic  orifice  is  situated 
at  the  extremity  of  each  lobe. 


Fig.  83.     Mature  larva  of  Fannia  canicu- 
laris,  L.      x  17. 

a.sp.  Anterior  spiracular  processes. 
p.sj).  Posterior  spiracular  processes. 
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■  The  spiny  character  of  the  flagelliform  appendages  and  body 
of  the  larva  causes  particles  of  dirt  to  adhere  readily  to  the 
bodies  and  appendages  of  the  larvae.  In  consequence  the  larvae 
have  a  very  dirty  appearance,  and  their  external  features  are 
almost  hidden  by  the  accumulated  particles  of  dirt  and  filth 
adhering  to  them. 

The  larval  period  may  extend  over  a  week,  or  it  may  last  for 
three  or  four  weeks  if  the  substances  in  which  the  larvae  are  feeding 
become  rather  dry.  When  fully  groAvn  it  is  covered  fairly  thickly 
with  dirt,  w^hich  is  of  great  assistance  in  the  formation  of  the  pupal 
case,  as  this  is  formed  of  the  larval  skin. 


Fig.  86. 


Fig.  84. 


Fig.  84.     Fannia  canicularis.     Lateral  aspect  of  cephalic  region  of  larva;  a.sp.  anterior 
spiracular  process. 

Fig.  85.     F.  cxiniadarh.     Palmate  and  sessile  dorsal  appendage  of  larva. 

Fig.  86.     F.  canicularis.    Posterior  spiracular  process  of  larva. 

In  changing  into  the  pupa,  the  cephalic  region  is  retracted 
and  the  length  of  the  larva  is  thereby  decreased.  The  larval 
skin,  with  its  covering  of  dirt  particles,  forms  the  co-arctate 
pupal  case.  Before  pupating,  the  larva  leaves  the  very  moist 
substance  in  which  it  may  have  been  living  and  seeks  a  dryer 
situation.  The  pupal  period  extends  over  a  period  of  seven  to 
twenty-one  days,  or  longer,  and  it  is  not  unlikely  that  larvae, 
which  have  developed  very  late  in  the  season,  pass  the  winter 
in  the  pupal  state,  as  is  the  case  in  certain  other  species  of 
Anthomyid  flics.  The  adult  fly  emerges  by  pushing  off  the 
anterior  segments  of  the  pupal  case. 
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The  Latrine  Fly.     Fannia  scalaris  Fab. 

This  species,  which,  on  account  of  its  most  common  breeding 
habits,  may  be  called  the  Latrine-fly,  is  very  C(jmmon  both  in 
European  countries  and  in  North  America.  Owing  to  its  general 
similarity,  it  is  often  confused  with  the  Lesser  House-fly,  Fannia 
canicularis,  but  the  chief  differences  have  already  been  indicated. 

In  the  male  the  frontal  triangle  on  tlic  head  is  black  and  is 
continued  as  a  thin  line  to  the  vertex,  being  bordered  on  each 
side  by  a  silvery  white  stripe.  The  antennae  and  palps  are  black. 
The  thorax  and  scutellum  are  black  and  somewhat  polished ;  the 
humeri  are  light-coloured.  The  abdomen  is  black,  overspread 
with  bluish-grey,  and  has  a  darker  median  stripe  from  which 
dark  transverse  bands  arise,  forming  by  their  junction  with  the 
median  stripe  black  triangular  markings.  The  legs  are  black 
and  the  middle  femur  is  swollen  ventrally,  bearing  on  its  broader 
side  a  gi-oup  of  brush-like  bristles,  as  will  be  .seen  from  fig.  81. 
The  middle  tibia  is  provided,  as  shown,  with  a  distinct  tubercle 
near  the  distal  end. 

The  colouring  of  the  female  is  more  distinctly  grey,  with  a 
faint  longitudinal  striping  on  the  thorax ;  the  transverse  markings 
on  the  abdomen  are  also  indistinct.  The  head  is  grey  with  a  wide 
frons. 

F.  scalaris  is  slightl}-  larger  than  F.  canicularis,  measuring 
up  to  6  mm.  in  length. 

The  habits  of  this  species  are  somewhat  similar  to  those  of 
F.  canicularis,  but  it  prefers  excrementous  matter  as  a  nidus  for 
the  eggs  and  is  commonly  found  breeding  in  human  excrement. 
It  has  been  recorded  breeding  in  human  excrement  by  Schiner, 
Taschenberg,  Howard  and  Newstead,  and  I  have  also  bred  it 
from  this  material  in  England  and  in  Canada,  both  in  privies 
where  the  excrement  was  found  in  a  semi-liquid  condition  and 
on  rubbish-tips  or  dumps,  where  it  was  mixed  with  ashes  or 
clinkers.  Swammerdam  figured  what  would  appear  to  be  the 
larva  of  this  species  as  breeding  in  human  excrement.  Taschen- 
berg also  refers  to  its  breeding  in  mushrooms.  In  1908  Dr  David 
Sharp  submitted  the  larva  of  this  species  to  me  for  examina- 
tion.     He  had  found    it  in  rotting  fungus  in  the  New  Forest 

H.   H.-F.  13 


194 


THE   LESSER   HOUSE-FLY    AND   THE   LATRINE   FLY 


in  September  1905  and  noticed  its  similarity  to  Swammerdam's 
Latrine  Larva. 

The  larvae  emerge  as  early  as  eighteen  hours  after  the  depo- 
sition of  the  eggs,  and  become  full-gl•o^v^l  in  six  to  twelve  days. 


^^-^ois^p^^ 
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Fig.  87.     Larva  of  Latrine  Flj,  Fannia  scalaris  Fab.      x  12. 

The  shortest  time  which  I  have  recorded  for  the  pupal  stage 
was  nine  days,  which  was  in  the  month  of  August,  but  I  believe 
that,  under  very  favourable  conditions,  the  pupal  stage  would  be 
passed  in  a  shorter  time. 
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The  larva  of  this  species  (fig.  87)  has  a  general  resemblance 
to  that  of  F.  canicidaris,  but  a  closer  examination  will  reveal  very 
marked  differences  and  a  number  of  distinguishing  characters. 
In  shape  it  is  similar  to  the  larva  of  F.  canicularis,  being  com- 
pressed dorso-laterally.  The  appendages  or  processes,  however, 
are  very  different.  The  pair  of  antenna-like  processes  at  the 
anterior  and  upper  edge  of  the  prothoracic  (second)  segment  are 
much  shorter  than  those  of  F.  canicidaris,  as  will  be  seen  from 
the  figure,  where  they  are  shown  dorsal  to  the  oral  lobes.  On 
the  dorsal  side  of  the  larva,  from  segment  III  to  segment  XI,  is 
a  series  of  nine  pairs  of  short  and  somewhat  thick  processes  of 
a  very  spiny  character ;  the  first  two  pairs  being  little  more  than 
spinous  tubercles.  As  the  processes  of  the  third  segment  differ 
from  the  succeeding  segment,  they  may  be  mentioned  separately. 
There  is  a  pair  of  latero-dorsal  processes  bearing  spines.  Ventral 
and  slightly  anterior  to  the  base   of  each  of  these   processes   is 


Fig.  88.     Fannia  scalarix.     Larva.     Ventral  aspect  of  segment  vir. 

a  small  spiniferous  papilla.  A  short  spinous  latero-ventral  ap- 
pendage is  situated  slightly  more  posteriorly.  Viewed  from  above, 
the  larva  is  seen  to  be  surrounded  by  a  fringe  of  feather-like 
processes.  Segments  IV  to  XI  are  each  provided  with  a  pair 
of  pinnate  latero-dorsal  processes  which  gradually  increase  in 
size  posteriorly.  Three  pairs  of  these  pinnate  processes  surround 
the  obliquely  truncate  dorsal  surface  of  the  twelfth  segment. 
Situated  laterally  and  ventral  to  the  series  of  pinnate  processes 
is  a  series  of  latero-ventral  processes  which  are  spinous  (as  shown 
in  fig.  88),  but  much  less  pinnate  and  shorter  than  the  latero- 
dorsal  series.  The  latero-ventral  processes  of  segment  XII  are 
situated  more  ventrally  than  those  of  the  preceding  segments,  and 
their  usual  place  is  taken  by  a  small  group  of  spines.  Posterior 
to  the  base  of  each  of  the  latero-dorsal  processes  of  segments  V 
to  XI  is  a  small  branched  process. 
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On  the  ventral  side  of  the  larva,  extending  from  segments  IV 
to  XI,  there  is  a  series  of  pairs  of  small  spiniferous  papillae  as 
shown  in  fig.  88,  each  of  which  is  situated  at  the  end  of  a  trans- 
verse row  of  spines.  Posterior  to  this  transverse  row  of  spines 
there  is  a  shorter  row  of  spines,  divided  into  four  groups.  The 
anterior  or  prothoracic,  spiracular  processes  are  six  to  eight- 
lobed,  the  usual  number  of  the  lobes  being  seven.  The  posterior 
spiracular  processes  are  very  similar  to  those  of  F.  canicularis. 
Vogler  (1900),  who  has  given  a  good  description  of  this  larva, 
illustrates  the  anterior  spiracular  processes  with  eight  lobes,  and 
his  figure  of  one  of  the  posterior  spiracular  processes  is  not 
very  clear. 

The  feathery  character  of  the  processes  of  F.  scalaris  is 
probably  associated  with  the  fact  that  the  larvae  usually  live 
in  substances  of  a  semi-liquid  character,  where  such  processes 
will  be  more  advantageous  than  those  of  F.  canicularis  for  life 
in  such  a  medium.  It  may  be  of  interest  to  note  in  this  connec- 
tion that  the  spiniferous  and  branched  lateral  appendages  of  the 
larvae  of  the  genus  Fannia  were  considered  by  Walsh  (1870) 
and  probably  by  other  entomologists,  to  be  "  branchiae  "  or  gills. 

Walsh   {I.e.)  stated:   "The   larvae wallow  in   moist  decaying 

matter,  whether  animal  or  vegetable ;  and  as  in  such  situations 
they  would  be  sometimes  stifled  for  want  of  air,  if  they  breathed 
through  the  spiracles  or  breathing  holes  with  which  all  air- 
breathing  insects  are  supplied,  nature  has  replaced  the  spiracles 
by  lateral  '  branchiae '  or  gills,  by  means  of  which  they  are 
able,  after  the  manner  of  a  fish,  to  extract  the  air  from  the 
fluids  around  them,"  and  he  comjjares  them  to  the  gills  of  the 
Ephemerid  larvae. 

Prior  to  pupation  the  larva  leaves  the  moist  situation  for 
one  of  a  drier  character,  and  the  pupation  is  similar  to  that  of 
F.  canicular'is. 

F.  scalaris  is  more  commonly  found  than  F.  canicularis  as  the 
cause  of  intestinal  myiasis,  and  it  also  breeds  more  commonly  in 
human  excrement.  These  facts  make  its  economic  relation  to  man 
one  of  some  importance. 


CHAPTER   XVI 

THE   STABLE   FLY,   STOMOXVS  CALCITRANS  LINN.   (fig.  80) 

Owing  to  a  general  resemblance  which  this  species  bears  to 
Miisca  domestica,  and  to  the  fact  that  it  is  a  blood-sucking  species, 
it  is  frequently  mistaken  for  Musca  domestica,  which  is  supposed 
to  "  bite  "  under  certain  conditions.  This  has  led  to  the  popular 
but  obviously  inaccurate  idea  that  house-flies  bite.  The  biting 
fly  is  usually  Stomoxys  calcitrans.  It  is  naturally  an  out-door 
species  and  loves  the  sunlight,  coming  indoors  usually  on  the 
approach  of  rain  when  the  sky  is  dull,  hence  it  has  been  named 
the  "Storm-fly,"  and  this  fact,  namely,  the  presence  of  *S^.  calcitrans 
indoors  during  dull  weather,  has  led  to  the  popular  misconception 
that  house-flies  bite  during  such  meteorological  conditions. 

In  England  and  Canada  I  have  found  this  species  common 
and  widely  distributed,  occurring  especially  in  the  country  from 
July  to  October.  In  the  United  States  it  appears  to  be  abundant 
during  the  same  period.  During  these  months  it  may  be  often 
found  in  houses,  although  Hamer's  observations  (1908)  appear  to 
indicate  that  the  presence  of  cowsheds  in  which  they  occur  in 
large  numbers,  does  not  affect  their  numbers  in  houses.  In 
England  I  have  found  S.  calcitrans  in  large  numbers  in  the 
windows  of  a  country  house  in  March  and  April,  and  it  may 
be  found  frequently  out-of-doors  on  a  sunny  day  in  May  and 
throughout  the  ensuing  summer  months.  It  occurs  occasionally 
in-doors  in  November  and  is  commonly  found  in  cowsheds  and 
stables  throughout  the  winter  months.  Its  association  with  the 
cowsheds  and  stables  has  given  it  the  name  of  stable  fly,  by  which 
it  is  now  generally  known. 
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The  recent  investigations  in  Massachusetts,  U.S.A.,  by  Brues, 
Sheppard  and  Rosenau  (see  1911  to  1913),  on  the  relation  of 
S.  calcitrans  to  poliomyelitis  or  infantile  paralysis,  in  which  they 
experimentally  demonstrated  the  ability  of  the  fly  to  transmit 
the  disease  to  healthy  monkeys,  which  experiments  Avere  con- 
firmed in  Washington  by  Anderson  and  Frost  (1912),  have  resulted 
in  increased  attention  being  paid  to  this  species,  which  is  now 
being  studied  by  a  number  of  investigators  including  myself  In 
later  experiments  Anderson  and  Frost  (1913)  failed  to  confirm 
their  previous  results  ^ 


t:^- 


Fig.  89.     Head  of  Stomoxys  calcitrans  L.     Left  lateral  aspect. 

Stomoxys  calcitrans  is  slightly  larger  and  more  robust  than 
M.  domestica,  measuring  about  7  mm.  in  length.  It  can  be  readily 
distinguished  by  the  awl-like  proboscis  which  projects  horizontally 
forward  and  slightly  upwards  from  beneath  the  surface  of  the 
head  (fig.  89).  The  bristles  of  the  antennae  bear  setae  on  their 
upper  sides  only,  as  in  the  allied  Glossina.  The  general  colour  is 
brownish  or  greyish  with  a  greenish  tinge ;  the  dorsal  side  of  the 
thorax  has  four  dark  longitudinal  stripes,  the  outermost  pair 
being  interrupted.  At  the  anterior  end  of  the  dorsal  side  of  the 
thorax  the  medium  light-coloured  stripe  has  a  golden  appearance 
Avhich  is  very  distinct  when  the  insect  is  seen  against  the  light. 

^  In  a  more  recent  paper  Sawyer  and  Herms  (1913)  describe  a  series  of  experi- 
ments in  which  they  were  unable,  imder  varied  conditions,  to  transmit  poliomyelitis 
from  monkey  to  monkey  through  the  agency  of  ,S'.  calcitrans. 
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The  abdomen  is  broad  in  proportion  to  its  length,  and  each  of  the 
large  second  and  third  segments  has  a  single  median  and  two 
lateral  brown  spots ;  there  is  also  a  median  spot  on  the  fourth 
segment.  The  fourth  longitudinal  or  median  nervure  (cf.  fig.  7, 
M.  1+2)  of  the  wing  in  *S'.  calcitrans  has  not  the  pronounced 
angular  bend  found  in  the  same  nervure  in  31.  dornestica. 

The  life-history  was  first  studied  in  anything  like  a  complete 
manner  by  Newstead  (1006)  and  I  was  able  to  confirm  his 
observations  during  1907,  lf)08  and  1912.  Portchinsky  added  to 
our  knowledge  in  1910.  In  the  United  States  Bishopp  (1913) 
has  recently  made  a  valuable  contribution  to  the  knowledge  of 
the  insect's  biology  and  life-history,  and  Mitzmain  (1918)  has 
given  a  summary  of  his  investigations  in  the  Philippine  Islands 
which  have  extended  over  two  years.  These  references  are  given 
as  it  is  not  intended  to  give  an  exhaustive  account  of  this  insect 
here.  It  may  be  added  that  morphological  studies  have  been 
made  by  Newstead,  Tulloch  (1906)  and  Brain  (1912).  The  fol- 
lowing account  of  the  life-history  is  taken  from  the  foregoing 
accounts  and  my  own  notes. 

Both  sexes  are  able  to  suck  blood.  After  emerging  from  the 
puparium  the  proboscis  lies  extended  backwards,  along  the  ventral 
side  of  the  thorax.  It  soon  bends  forward  and  hardens,  and  in 
six  to  eight  hours  after  emergence  the  fly  may  take  its  first  meal. 
The  feeding  period  lasts  from  two  to  twenty  minutes.  It  has 
been  found  to  feed  chiefly  on  cattle,  horses,  dogs  and  man,  being 
especially  attentive  to  the  ears  of  dogs.  Bred  flies  may  begin 
ovipositing  on  the  ninth  day,  usually  after  they  have  had  the 
third  or  fourth  feed.  This  species  breeds  in  the  following  sub- 
stances, apparently  with  varying  preferences  in  different  countries  : 
horse  manure,  cow  manure,  sheep  dung,  human  excreta,  the  straw 
of  oats,  rice,  barley  and  wheat,  fermenting  cut  grass,  decaying 
vegetable  substances,  including  fungi,  and  in  animal  substances, 
no  doubt  in  a  state  of  decomposition. 

The  eggs  may  be  laid  singly  or  in  batches  of  as  many  as 
seventy-two  (Newstead).  The  eggs  are  white,  cylindrically  oval 
in  shape,  somewhat  resembling  a  banana,  and  measuring  1  mm.  in 
length.  A  groove  Avidening  at  the  anterior  end  runs  along  the 
side  of  the  agg.     Mitzmain  states  that  the  maximum  number  of 
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eggs  deposited  at  one  period  was  ninety-four,  and  that  the  maximum 
number  of  eggs  deposited  by  a  single  female  may  be  placed  at,  at 
least,  six  hundred  and  thirty-two.  Bishopp  found  that  two  feedings 
are  usually  necessary  between  the  deposition  of  each  lot  of  eggs. 

There  are  three  larval  stages  and  the  larvae  are  creamy  white 
in  colour  and  have  a  shiny  translucent  appearance ;  the  young 
larvae  are  even  more  translucent.  The  adult  larvae,  which  measure 
about  11  mm.,  are  rather  similar  to  those  of  if.  domestica,  but  they 
can  be  distinguished  by  the  character  of  the  posterior  spiracles. 
These  (fig.  90,  J.)  are  wider  apart  than  in  M.  domestica  and  are 
triangular  in  shape  with   rounded   corners;    each  of  the   corners 


Fig.  90.     Posterior  end  of  mature  larva  of  S.  calcitrans. 
A  Posterior  spiracle  of  the  same,  enlarged. 

subtends  a  space  in  which  a  sinuous  aperture  lies.  The  centre  of 
the  spiracle  is  occupied  by  a  circular  plate  of  chitin.  The  anterior 
spiracular  processes  are  five-lobed. 

The  developmental  stages,  according  to  my  own  and  the  obser- 
vations of  those  who  have  studied  the  life-history  in  temperate 
and  tropical  climates,  are  as  follows :  egg  stage,  twenty  hours  to 
four  days ;  larval  stage,  seven  to  thirty  days ;  pupal  stage,  five  to 
twenty  days.  The  whole  life-history,  therefore,  from  the  depo- 
sition of  the  eggs  to  the  emergence  of  the  adults,  may  vary  from 
about  thirteen  days  to  seven  or  eight  weeks.  The  longest  time 
which  I  observed  in  any  of  my  experiments  was  a  few  days  over 
ten  weeks   (Oct.  4th   to  Dec.  15th).     In  temperate  climates  it 
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is  possible  that  the  pupae  may  exist  through  the  winter,  and  the 
larval  stages  mav  also  be  found  in  warm  situations  durins  the 
winter.  In  studying  the  longevity  of  the  adults  Bishopp  found 
that  they  could  be  kept,  when  water  and  sugar  svrup  were  supplied, 
for  twentv-three  davs.     Mitzmain  found  that  a  female  flv  can  live 

•  •  • 

a  maximum  of  at  least  seventy-two  days  and  a  male  a  period  of 
ninety-tour  days.  The  length  of  the  life-history  depends  on  the 
conditions  with  regard  to  temperature,  moisture  and  nature  of 
food ;  absence  or  presence  of  light  also  appears  to  influence  the 
rate  of  development. 

It  is  not  intended  to  discuss  the  relation  of  S.  calcitrans  to 
disease :  the  reader  is  referred  to  the  excellent  accounts  of  Brues, 
Rosenau  and  Sheppard,  and  also  those  of  Anderson  and  Frost*,  for 
an  account  "of  their  observations  and  experiments  on  the  relation 
of  this  fly  to  poliomyelitis.  Its  blood-sucking  habits  mav  occa- 
sionallv  enable  it  to  be  the  vector  of  the  anthrax  bacillus  causinof 
anthrax  in  cattle  and  malignant  pustule  in  man-.  Schuberg  and 
Kuhn  (1911 )  have  experimentally  demonstrated  that  .S'.  calcitrans 
can  infect  animals  with  trypan"^ -TMes  and  spirochaetes*. 


1  See  al=o  Sa^e . 
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CHAPTER   XVII 

THE  BLOW-FLIES,  CALLIPITORA  ERYTHROCEPHALA  MEIG. 
AND  C.  VOMITORIA  L.,  AND  THE  SHEEP  MAGGOT  OR 
"GREEN   BOTTLE"   FLY,   LUC  I  LI  A    CAESAR  L. 

The  large  blow-fly  or  "blue  bottle,"  C.  enjthrocephala ,  is  a 
widely  divStributed  and  common  species  in  Europe  and  North 
America.  In  the  past,  but  less  commonly  now,  the  name  of  the 
other  species,  C.  vomitoria,  has  been  indiscriminately  applied  to 
both  species.  C  vomitoria  is,  however,  much  less  common  than 
C  erythrocephala.  They  can  be  distinguished  by  the  fact  that  in 
the  latter  species  the  genae  are  fulvous  to  golden  yellow  and  are 
beset  with  black  hairs,  whereas  in  G.  vomitoria  the  genae  are 
black  and  the  hairs  are  golden  red. 

Calliphora  eri/throcephala  has  been  described  in  detail  by 
Lowne  (1870,  1895).  Its  appearance,  with  its  bluish-black  thorax 
and  dark  metallic  blue  abdomen,  is  sufficiently  well  known  as  to 
render  a  description  of  the  adult  flies  unnecessary.  Its  length 
varies  from  7  to  13  mm.  The  larvae  are  necrophagous,  and  the 
flies  deposit  their  eggs  on  any  fresh,  decaying  or  cooked  meat,  and 
also  upon  dead  insects  ;  Howard  (1909)  has  found  the  fly  on  fresh 
human  faeces.  On  one  occasion,  when  obtaining  fresh  food  material 
in  the  form  of  wild  rabbits  upon  which  to  rear  the  larvae  of  C. 
erythrocephala,  I  found  the  broken  leg  of  a  live  rabbit,  which  had 
been  caught  in  a  spring  trap  set  the  previous  evening,  a  living 
mass  of  small  larvae,  which  were  devouring  the  animal  while  it 
was  still  alive.  An  enormous  number  of  eggs  are  laid  by  a  single 
insect;  Portchinsky  (Osten  Sacken,  1887)  found  from  450  to  600 
eggs,  though  I  have  not  found  so  many.  Fabre,  in  his  Souvenirs 
entomologiques,  records  G.  vomitoria  depositing  300  eggs  in  one 
batch  and  more  were  subsequently  deposited,  and  he  believed,  on 
the   evidence  which   he  secured,  that  as   many  as   900   may  be 
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deposited.     He  found  the  flies  would  emerge  tiom  pupae  buried 
under  60  cm.  of  sand. 

With  an  average  mean  temperature  of  23°  C.  (73'5°  F.)  and 
using  fresh  rabbits  as  food  for  the  hirvae,  the  following  were  the 
shortest  times  in  which  I  reared  C.  erythrocephala.  The  eggs 
hatched  from  ton  to  twenty  hours  after  deposition.     The  larvae 
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Fig.  91.     Posterior  end  of  mature  larva  of  C.  erythrocephala. 
A  Posterior  spiracles  of  first  larval  stage  of  C.  erythrocephala,  Mg. 
B  Posterior  spiracles  of  second  larval  stage  of  C.  erythrocephala. 
C  Posterior  spiracle  of  mature  larva  of  C.  erythrocephala. 
D  Anterior  spiracular  process  of  mature  larva  of  C.  erythrocephala. 

underwent  the  first  ecdysis  eighteen  to  twenty-four  hours  after 
hatching;  the  second  moult  took  place  twenty-four  hours  later, 
and  the  third  larval  stage  lasted  six  days,  the  whole  larval  life 
being  passed  in  seven  and  a  half  to  eight  days.  Fourteen  days 
were  spent  in  the  pupal  state;  thus  the  development  was  complete 
in  twenty-two  to  twenty-three  days.  I  have  no  doubt  that  this 
time  could  be  shortened  by  the  presence  of  a  very  plentiful  supply 
of  food,  as  an  enormous  amount,  comparatively,  is  consumed. 
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The  full-grown  larva  may  measure  as  much  as  18  mm.  in 
length.  There  are  two  distinct  mandibular  sclerites.  The  anterior 
spiracular  processes  (fig.  91  D)  are  usually  nine  lobed.  The  posterior 
extremity  is  surrounded  by  six  pairs  of  tubercles  arranged  as  shown 
in  fig.  91 ;  there  is  also  a  pair  of  anal  tubercles.  The  posterior 
spiracles  (fig.  91  C)  are  circular  in  shape  and  contain  three  straight 
slit-like  apertures.  In  the  second  larval  instar  there  are  only  two 
slits  in  each  of  the  posterior  spiracles  (fig.  91  5)  and  in  the  first 
larval  instar  each  of  the  posterior  spiracles  (fig.  91  A)  consists  of 
a  pair  of  small  slit-like  orifices. 

C.  eri/throcephala  is  an  out-door  fly,  but  it  fi-equently  enters 
houses  in  search  of  material  upon  which  to  deposit  its  eggs,  and 
also  for  shelter.  From  its  habit  of  frequenting  faeces,  which  may 
often  be  observed,  especially  in  insanitary  courtyards  and  similar 
places,  it  is  not  improbable  that  it  occasionally  may  bear  intestinal 
bacilli  on  its  appendages  or  body  or  internally,  and  thus  carry  infec- 
tion. Its  flesh-seeking  habits  may  also  render  it  liable  to  carry  the 
bacilli  of  anthrax  should  it  have  access  to  infected  flesh,  and  such 
meat-seeking  habits  render  the  ingestion  of  the  larvae  into  the 
human  digestive  system  extremely  possible.  Buchanan  (1907) 
recovered  the  bacillus  of  swine  fever  from  blow-flies  which  were 
caught  on  the  carcases  of  pigs  which  had  died  of  swine  fever. 
Further  infection  experiments  with  C.  eri/throcephala  are  discussed 
in  a  later  chapter. 

The  Sheep  Maggot  or  "Green  Bottle"  Fly, 
luoilia  caesar  l. 

This  fly  is  an  out-door  species  which  is  sometimes  found  in 
houses,  into  which  it  is  generally  driven  by  adverse  weather  con- 
ditions for  the  pvirpose  of  shelter.  It  is  more  commonly  found  in 
farm  and  country  houses.  Although  it  is  not  so  large  as  G.  eri/thro- 
cephala, being  more  similar  in  size  to  31.  domestica,  it  is  frequently 
called  a  "  blue  bottle "  and  is  often  referred  to  as  the  "  green 
bottle "  fly.  The  colouring  is  more  brilliant  than  that  of  C.  erythro- 
cephala,  being  of  a  burnished  gold,  sometimes  bluish  appearance 
and  sometimes  of  a  shining  green  colour. 

The  flies  are  usually  found  on  dead  animals  and  carrion ;  they 
also  occur  on  the  excrement  of  man  and  other  animals.     On  all 


SHEEP   MAGGOT   FLY    LUC  I  LI  A    CAESAR   L.  205 

such  substances  the  larva'e  are  able  to  feed.  In  Europe  the  hirvae 
feed  on  the  matted  wool  and  on  the  flesh  of  the  backs  of  sheep, 
from  which  habit  they  are  popularly  known  as  "  sheep  maggots." 
In  Canada,  however,  as  a  result  of  a  careful  inquiry  I  have  only 
been  able  to  discover  a  few  cases  of  such  a  feeding  habit  for  the 
larvae,  which  results  in  the  production  of  large  ulcerated  areas  on 
the  backs  of  the  sheep,  causing  severe  loss  of  flesh  and  sometimes 
death.  Banks  (1912)  states  that  Meinert  has  reared  Lucilia 
nohilis  from  larvae  taken  from  the  ears  of  a  sailor.  An  excellent 
account  of  the  Lucilia  flies  has  been  given  by  MacDougall  (1909), 
and  Herms  (1911)  gives  a  full  account  of  the  habits  of  L.  caesar. 
In  England  I  have  usually  obtained  it  from  the  backs  of  sheep. 
Howard  (1900)  reared  it  from  human  excrement. 

The  larvae  are  very  similar  to  those  of  C.  erythrocephala  except 
in  size,  and  Portchinsky  considered  them  otherwise  indistinguish- 
able. The  full-gi'own  larva  measures  10  to  11  mm.  in  length. 
The  larval  life  lasts  about  fourteen  days  and  the  pupal  stage  a 
similar  length  of  time,  but  my  experience  in  the  field  would  lead 
me  to  believe  that  under  favourable  conditions  development  may 
be  completed  in  a  much  shorter  time. 

Protoca lliphora  groenlandiga . 

In  the  careful  investigation  which  he  carried  out  Hamer  (1908 
and  1910)  found  this  species,  and  occasionally  P.  azurea,  in  the 
neighbourhood  of  a  glue  and  size  factory,  and  also  at  a  railway  siding 
to  which  were  brought,  in  addition  to  stable  manure  and  other 
refuse,  the  bones  for  the  glue  factory.  Hamer  states  that  so 
numerous  were  the  larvae  in  the  sacks  of  bones  that  "  the  ground 
beneath  some  vans  containing  these  sacks  was  found  one  day  last 
summer  to  be  covered  with  larvae  so  that  from  a  little  distance 
this  portion  of  the  yard  surface  had  the  appearance  of  snow."  The 
adult  flies  were  caught  in  the  neighbourhood  of  the  factory  from 
the  middle  of  June  until  mid-September  and  it  was  found  that 
the  adoption  in  the  late  summer  of  a  system  of  destroying  the 
larvae  had  some  influence  in  lessening  the  fly  nuisance  in  sur- 
rounding houses. 

The  larvae  of  Protocalliphora  are  similar  to  those  of  CaUiphora. 


CHAPTER   XYIII 

THE   CLUSTER    FLY   POLLEXIA   RUDIS  FAB.   AND  MUSCINA 

STABULANS  FALL. 

The  first  of  these  two  species,  Pollenia  rudis,  is  common  in 
Europe  and  North  America.  On  account  of  their  habits  and 
general  appearance  they  are  usually  mistaken  by  the  uninitiated 
for  house-flies  emerging  from  their  winter  sleep.  Early  in  spring 
and  sometimes  during  mild  days  in  winter  they  may  be  found 
crawling  sluggishly  around,  as  is  their  habit.  Out-of-doors  one 
may  find  them  on  the  snow  around  buildings  or  on  the  walls. 
In-doors  they  buzz  lazily,  firequently  in  considerable  numbers,  in 
the  windows  and  especially  on  the  windows  of  unoccupied  rooms. 
I  have  found  them  out-of-doors  on  the  snow  at  Ottawa  as  early  as 
the  middle  of  March.  In  England  I  have  observed  them  entering 
the  sun-lit  window  of  a  bed-room  in  a  country  house  and  swarm- 
ing over  the  window  panes.  They  appear  to  frequent  especially 
country  houses  covered  with  creepers  and  vines.  The  name 
"  Cluster-fly  "  has  been  given  to  them  on  account  of  their  habit  of 
congregating  in  large  numbers  in  and  about  houses  and  other 
occupied  buildings.  They  appear  to  prefer  unoccupied  rooms,  no 
doubt  on  account  of  the  absence  of  disturbance. 

Howard  (1911)  refers  to  the  observations  of  Dall  in  the  United 
States,  which  confirm  my  own  made  on  the  habits  of  this  fly  in 
England  and  Canada.  Dall  states  that  this  fly  was  a  great 
nuisance  in  country  houses  near  Geneva,  New  York  State,  They 
were  a  teri'or  to  housekeepers  since  they  were  found  in  all  kinds 
of  places  such  as  in  and  on  beds,  wardrobes,  behind  pictures,  etc. 
They  would  form  large  clusters  about  the  ceilings  of  clean,  dark 
rooms  seldom  used.     It  was  stated  that  about  the  first  of  April 
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thoy  came  out  of  the  grass  and  tiew  up  to  the  sunny  side  of 
houses,  which  they  entered.  They  remained  in  evidence  until 
some  time  in  May  and  then  disappeared  until  September.  Large 
numbers  were  said  to  occur  often  under  buildings,  between  the 
earth  and  the  floor.  An  examination  of  these  flies  and  a  com- 
parison with  Miisca  doniestica  will  show  their  distinct  character. 
Their  characteristic  sluggish  habits  have  already  been  mentioned. 
They  are  slightly  larger  in  size  and  darker  in  colour  and  the 
thorax  is  sparsely  covered  with  yellowish  coloured  hairs.  When 
at  rest  the  wings  are  folded  more  closely  together  over  the  back 
than  is  the  case  of  the  house-fly. 

As  in  the  case  of  many  other  common  species  of  Diptera,  we 
have  little  information  in  regard  to  the  breeding  habits  of  this 
species.  Robineau-Desvoidy  states  that  the  flies  of  the  genus 
Pollenia  deposit  their  eggs  on  decomposing  animal  and  vegetable 
matter ;  in  this  regard  they  resemble,  in  general,  the  other  members 
of  the  Muscidae.  Howard  (1910)  records  the  rearing  of  a  single 
specimen  of  P.  rudis  from  cow  manure  in  Washington  D.C.  in 
December,  and  quotes  J.  S.  Hine  as  reporting  the  rearing  of 
numbers  of  Cluster  flies  in  the  summer  of  1910  from  cow  manure 
in  the  pasture.  Copeman,  Hewlett  and  Merriman  (1911)  record 
the  occurrence  of  three  specimens  of  P.  rudis  in  a  collection  of  200 
larvae  and  pupae  obtained  from  fresh  refuse  on  the  Norwich 
Corporation  tip  at  Postwick.  Keilin  describes  P.  rudis  as  parasitic 
on  a  species  of  earthworm  Allohophora  chlorotica  Sav.  He  states 
that  it  pupates  in  the  earth,  the  pupal  stage  lasting  from  thirty-five 
to  forty-two  days. 

MUSCINA    STABULANS   FaLL. 

So  similar  is  this  fly  to  the  true  house-fly  in  general  appear- 
ance, though  slightly  larger  in  size,  that  it  is  almost  invariably 
mistaken  by  the  untrained  observer  for  a  large  house-fly.  Ac- 
cording to  my  own  observations  it  usually  occurs  in  and  near 
houses  in  the  early  summer,  about  June,  and  generally  about  the 
same  time  that  the  Lesser  House-fly,  Fojiinia  canicularis,  is  the 
predominant  domestic  species.  Hamer  (1910)  found  that  the 
largest  number  of  M.  stabulans  were  captured  in  August  and 
early  September.     In  large  collections  which  have  been  made  in 
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North  America  and  England  of  the  flies  occurring  in  houses,  a 
number  of  specimens  of  this  species  are  usually  found  (see  p.  66). 
Cleland  (1912)  records  it  in  New  South  Wales  as  occurring  in 
houses  on  the  window  panes  or  on  the  table  at  meal  time ;  in  the 
neighbourhood  of  houses  he  states  that  it  is  found  feeding  in 
house  refuse  and  round  the  garbage  can. 

It  is  larger  than  M.  domestica  and  more  robust  in  appearance. 
It  varies  from  7  to  nearly  10  mm.  in  length.  Apart  from  its 
greater  size  it  may  be  distinguished  from  M.  domestica  by  the 
fact  that  the  median  or  fourth  longitudinal  vein  (cf  fig.  7,  M.  1  +  2) 
of  the  wing  is  only  slightly  curved  ventrally  instead  of  being 
bent  upwards  through  a  pronounced  angle  as  in  M.  domestica. 

Its  general  appearance  is  grey.  The  head  is  whitish-grey 
with  a  "  shoi "  appearance.  The  frontal  region  of  the  male  is 
velvety  black  and  naiTow ;  that  of  the  female  is  blackish -brown, 
and  is  about  a  third  of  the  width  of  the  head.  The  bristle  of  the 
antenna  bears  setae  on  the  upper  and  lower  sides.  The  dorsal 
side  of  the  thorax  is  grey  and  has  four  longitudinal  black  lines ; 
the  scutellum  is  gTey.  The  abdomen,  as  also  the  thorax,  is  really 
black  covered  with  grey  ;  in  places  it  is  tinged  with  brown,  which 
gives  the  abdomen  a  blotched  appearance.  The  legs  are  rather 
slender,  and  are  reddish-gold  or  dirty  orange  and  black  in  colour. 

The  eggs  are  laid  and  the  larvae  feed  upon  various  kinds  of 
decaying  or  decomposing  vegetable  and  animal  substances.  They 
have  been  reared  from  fungi,  decaying  fruit,  such  as  apples  and  pears, 
cucumbers  and  miscellaneous  vegetables.  They  sometimes  attack 
growing  vegetables,  and  I  have  reared  them  in  considerable  numbers 
with  root  maggots  from  radishes.  In  the  latter  case  the  eggs  or 
young  larvae  may  be  introduced  with  the  manure,  but  I  have 
found  them  also  attacking  gi-owing  plants  where  no  manure  had 
been  used.  Aldrich  has  reared  it  in  Idaho  from  rotten  radishes. 
They  breed  in  excrement,  such  as  cow  dung  and  human  excrement 
from  which  Howard  (1900)  reared  specimens.  Cleland  (1912) 
describes  this  species  as  occurring  on  human  faeces  and  house 
refuse  in  Australia.  In  Europe  they  have  been  found  feeding  on 
caterpillars  and  larval  bees  and  in  Canada  Fletcher  (1900)  records 
the  species  as  parasitic  on  the  noctuid  caterpillar  Peridromia 
saucia  Hbn.  in   British  Columbia.     In   the  United  States  they 
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have  been  reared  from  the  pupae  of  the  cotton-wonn  and  the 
Gipsy  moth  ;  Riloy  was  of  the  opinion  that  in  the  first  case  rotten 
pupae  only  were  fed  upon.  In  1891  it  was  reared  on  the  masses 
of  larvae  and  pupae  of  the  Elm-leaf  beetle.  Other  observers 
record  it  as  being  reared  from  the  pupae  of  such  Hyuienoptera  as 
Lophyrns. 

The  most  complete  account  of  M.  stahulans  is  that  given 
by  Portchinsky  (1913).  Reference  has  already  been  made  to  its 
habit  of  destroying  the  larvae  of  M.  domestica.  This  author  states 
that  the  larvae  have  been  found  not  only  in  the  excrement  of  man, 
cattle  and  horses,  but  also  in  raw  and  cooked  meat,  on  carcases  of 
different  vertebrates  such  as  mammals,  birds  and  amphibians,  on 
invertebrates  such  as  insects,  their  larvae  and  pupae,  in  rotten 
bulbs  and  vegetables,  in  fungi  and  in  old  cheese,  etc.  Portchinsky 
in  his  detailed  account  of  the  life-history  and  habits  of  M.  stahulans 
states  that  160  eggs  are  deposited;  they  are  spread  singly  or  in 
lines  over  the  larval  food.  He  confirms  Bouche's  statement  that 
the  fly  is  able  to  pass  through  its  developmental  stages  in  about  a 
month,  and  thus  several  generations  a  year  may  be  produced. 

The  larva  may  reach  a  length  of  11  mm.  It  is  creamy  white 
in  colour.  There  are  two  closely  approximate  mandibles.  The 
anterior  spiracular  processes  are  usually  five-lobed  (occasionally 
six)  and  are  somewhat  like  hands  from  which  the  fingers  have 
been  amputated  at  the  first  joint.  The  posterior  spiracles  are 
separated  by  a  space  less  than  the  diameter  of  each ;  they  are 
rounded,  and  each  encloses  three  triangular-shaped  areas  con- 
taining each  a  slit-like  aperture.  I  have  not  been  able  as  yet  ta 
study  the  complete  life-history ;  Taschenberg  {t.c)  states  that  it 
occupies  five  or  six  weeks,  but  my  observations  would  indicate 
that  this  period  can  be  shortened. 

The  habits  of  this  species  which  lead  it  to  frequent  excrement 
and  food  render  it  a  potential  disease-carrier,  as  Portchinsky  also 
affirms.  Banks  (1912)  records  the  passing  by  a  child  suffering 
from  diarrhoea  of  a  considerable  number  of  the  larvae  of  this 
species  and  refers  to  Laboulbene's  record  of  the  larvae  of  M.  stahu- 
lans being  vomited  by  a  person  suffering  from  bronchitis.  Carter 
and  Blacklock  (1913)  record  the  occurrence  of  the  larvae  in  a  case 
of  external   myiasis   in   a  monkey,   together  with  the    larvae    of 
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Fannia   canicularis.     The   relation  of  this  species  to   intestinal 
myiasis  is  referred  to  later. 

It  is  interesting  to  note  in  conclusion  that  Harner  (1910) 
states  that  a  remarkable  point  in  regard  to  Muscina  was  the 
frequency  with  which  it  was  infested  with  parasites.  These  were 
apparently  Gamasid  mites.  In  early  June,  out  of  300  flies 
examined,  40  specimens  were  infested.  So  closely  together  were 
the  parasites  aggregated  in  some  instances  that  no  part  of  the  fly's 
abdomen  was  visible,  the  mites  forming  a  kind  of  chain  mail. 
Berlese  (1912)  records  the  occurrence  of  the  connuon  mite  A.  nuis- 
carum  (see  p.  158)  on  this  species  of  fly,  and  it  is  not  unlikely 
that  the  aforementioned  mites  may  have  been  the  same  species. 


CHAPTER   XIX 

ALLIED   .Ml'SCID   FLIES   AND   MISCELLANEOUS  FLIES 
FOUND   IN   HOUSES 

Indian  Hoijse-Fly,  Musoa  do  mystic  a   sub  species 
determin.  i  t.  i  w alker. 

This  Indian  variety  of  the  house-fly  was  described  by  Walker 
(1856)  from  the  East  Indies.  His  description  is  as  follows : 
"Black  witli  a  hoary  cove'ring;  head  with  a  white  covering; 
frontalia  broad,  black,  narrower  towards  the  feelers  ;  eyes  bare  ; 
palpi  and  feelers  black ;  chest  with  four  black  stripes ;  abdomen 
cinereous,  with  a  large  tawny  spot  on  each  side  at  the  base  ;  legs 
black ;  wings  slightly  grey,  with  a  tawny  tinge  at  the  base ; 
praebrachial  vein  forming  a  very  obtuse  angle  at  its  flexure,  very 
slightly  bent  inward  from  thence  to  the  tip ;  lower  cross  vein 
almost  straight;  alulae  whitish,  with  pale  yellow  border;  halteres 
tawny." 

In  appearance  and  size  it  is  very  similar  to  M.  doinestica.  Its 
breeding  habits  are  also  similar.  Aldridge  (1904)  states  that  at 
certain  seasons  of  the  year  it  is  present  in  enormous  numbers. 
The  method  of  disposal  of  the  night  soil  is  to  bury  it  in  trenches 
about  one  foot  or  less  in  depth.  From  one-sixth  of  a  cubic  foot  of 
soil  taken  from  a  trench  at  Meerut  and  placed  in  a  cage,  4042 
flies  were  hatched.  Lieutenant  Dwyer  collected  500  from  one 
cage  covering  three  square  feet  of  a  trench  at  Mhow.  Specimens 
in  the  British  Museum  collection  were  obtained  from  hospital 
kitchens,  and  Smith  found  them  in  a  ward  at  Benares. 

They  have  also  been  recorded  from  the  N.W.  Provinces, 
Kangar  Valley  (4500  feet),  Dersa,  and  I  have  received  specimens 
from  Aden. 
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MUSCA    ENTENIATA    BiGOT. 

This  species  of  house-Hy  has  a  distribution  somewhat  similar 
to  the  last  species  and  like  it  has  a  marked  resemblance  to 
M.  domestica  as  Bigot's  (1887)  description  indicates:  "  Front  tres 
etroit,  les  yeux,  toutefois,  separes.  Antennis  et  palpes  noirs ;  face 
et  joues  blanches ;  thorax  noir  avec  trois  larges  bandes  longitudi- 
nales  grises ;  flancs  grisatres,  ecusson  noir  avec  deux  bandes 
semblables;  cuillerons  et  balanciers  d'un  jaunatre  tres  pale; 
abdomen  fauve,  avec  une  bande  dorsale  noire  et  quelques  reflets 
blancs ;  pieds  noirs ;  ailes  hyalines ;  cinquieme  nervure  longi- 
tudinal (Rondin)  coudee  suivant  un  angle  legerement  arrondi, 
ensuite  un  peu  concave;  deuxieme  transversale  (I'extreme)  presque 
perpendiculaire,  legerement  bisinueuse,  soudee  a  la  cinquieme 
longitudinale,  a  egale  distance  du  coude  et  de  la  premiere  nervure 
transversale  (rinterne)." 

M.  enteniata  measures  4  to  5  mm.  in  length.  The  British 
Museum  collection  contains  specimens  sent  by  Major  F.  Smith 
from  Benares,  with  these  notes :  "  Bred  from  human  ordure ; 
hospital  ward  fly;  at  an  enteric  stuol ;  bred  from  cow  dung  fuel 
cakes."  I  have  received  specimens  from  Suez  and  Aden,  and  it  is 
recorded  as  breeding  in  human  excrement  in  Khartoum  (Balfour, 
1908)  and  in  stable  refuse,  as  also  are  M.  domestica  and  M.  corvina. 
It  will  be  seen,  therefore,  that  its  breeding  habits  are  very  similar 
to  those  of  M.  domestica  and  the  sub-species  determinata.  It  is 
interesting  to  note  the  choice  of  cow  dung  as  a  breeding  place, 
especially  in  conjunction  with  the  economic  status  of  the  cow  in 
India. 

Muse  A     VETUST18SIMA    WaLK. 

This  is  a  common  species  in  Australia  and  can  be  readily 
distinguished  from  M.  domestica  by  the  silvery  white-thoracic 
stripes.  Cleland  (1912),  who  reprints  Walker's  description  of  the 
species,  writes  of  it  as  follows :  "  This  fly  is  essentially  an  out-of- 
door  species.  Very  rarely  indeed  is  it  found  within  the  house 
and  only  occasionally  in  out-houses  with  open  doors  and  windows. 
When  found  in  these  situations  it  is  usually  attracted  by  some 
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source  of  food,  such  as  the  carcass  of  an  animal,  even  though 
freshly  killed.  They  have  been  found  in  abundance  feeding  on 
the  pus  of  blood  from  the  sores  on  the  head  of  a  sheep.  As  .soon 
as.  one  ventures  outside,  if  the  weather  is  warm,  this  species 
attaches  itself  to  one's  person.  In  some  country  situations  that 
part  of  one's  clothing  sheltered  from  the  wind  may  be  covered 
with  a  dense  mass  of  these  insects.  They  are  especially  annoying 
by  hovering  around  and  finding  their  way  into  one's  eyes,  nose 
and   mouth." 

It  is  very  common  in  the  neighbourhood  of  Sydney,  N.S.W., 
and  in  all  the  country  districts  in  New  South  Wales.  It  is  also 
common  in  Melbourne,  around  Adelaide,  and  occurs  in  Perth, 
West  Australia. 

The  abundance  of  this  fly  and  its  habit  of  hovering  round  and 
alighting  on  the  face  of  human  beings  makes  it  probable,  as 
Cleland  suggests,  that  if  such  eye  diseases  as  epidemic  con- 
junctivitis and  trachoma  are  transmitted  by  flies,  this  species 
would  be  incriminated.  It  will  readily  eat  dried  blood.  Cleland 
states  that  smears  of  anthrax  blood  were  made  on  glass  slides, 
and  after  several  days  were  confined  with  one  of  these  flies  in  a 
test  tube.  Some  of  the  blood  was  eaten  and  anthrax  bacilli  were 
cultivated  from  the  resulting  faeces,  and  the  fly  itself,  on  being 
emulsified  in  saline  solution  and  injected  into  a  guinea  pig,  gave 
the  animal  anthrax. 

The  Root  Maggot  Fly.    Axthomyia  radicum 
Meigen  (fig.  92). 

This  member  of  the  Anthomyidae  has  been  found  in  houses, 
especially  those  in  or  near  the  country.  It  is  not,  however,  a 
house-fly  in  the  same  sense  as  its  congeners,  F.  canicidaris  and 
F.  scakms,  and  while  its  habits  lead  it  in  search  of  excrement  it 
is  not  likely  to  be  a  serious  factor  as  a  vector  of  pathogenic 
organisms.  It  may  occasionally  be  responsible  for  intestinal 
myiasis  and  a  case  recorded  by  Austen  (1912)  is  referred  to 
later. 

In  size  and  general  appearance  this  species  resembles  Fannia. 
The  female,  which  is  shown  in  fig.  92,  is  olive  grey  in  colour  and 
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has  the  upper  frontal  region  of  the  head,  that  is,  between  the  eyes 
and  superior  to  the  bases  of  the  antennae  an  orange  rufous  colour. 
The  male  is  darker  in  colour,  the  dorsal  side  of  the  thorax  being 
blackish  with  three  black  longitudinal  stripes ;  the  frontal  region 
is  veiy  narrow  ;  the  abdomen  is  grey  with  a  dark  median  stripe. 
The  average  length  of  the  body  is  o  mm. 


Fig.  92.     The  Eoot  Maggot  Fly  Antliomyia  radicum  Meig.     Female,     x  9. 

The  flies  are  common  in  the  summer  and  may  be  found  in  the 
neighbourhood  of  manure.  In  a  study  which  I  made  (1907)  of 
the  life-history  of  this  species  it  was  found  that  the  eggs  were 
very  frequently  deposited  on  horse  manure  which  served  as  a 
common  breeding  place  for  this  fly.  The  insect's  popular  name 
has  been  derived  from  the  fact  that  the  larvae  also  commonly 
feed  upon  the  roots  of  certain  cultivated  cruciferous  plants  such 
as  cabbages,  radishes,  etc. 

The  eggs  hatch  out  from  eighteen  to  thirty-six  hours  after 
deposition.  The  first  larval  stadium  lasts  twenty-four  hours,  the 
second  forty-eight  hours,  and  five  days  later  the  larva  changes 
into  a  pupa,  the  whole  larval  life  occupying  about  eight  days. 
The  pupal  stage  lasts  ten  days,  so  that  in  warm  weather  the 
development  may  be  completed  in  nineteen  to  twenty  days.     The 
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full-grown  larvae  (fig.  93)  measures  8  mm.  in  length,  and  may  be 
distinguished  by  the  tubercles  sun-ounding  the  caudal  extremity. 


-psp. 


ptsp. 


Fig.  93.     Mature  larva  of  Aiithomyia  radicum  Meig.     x  12. 
p.><p.  Posterior  spiracle.         pt.ap.  Anterior  spiracular  process,  A  same  enlarged. 

In  this  species  there  are  six  pairs  of  spinous  tubercles  surrounding 
the  posterior  end,  and  a  seventh  pair  is  situated  on  the  ventral 
surface  posterior  to  the  anus.     The   tubercles  of  the  sixth  pair, 


an. 

Fig.  94.  Fig.  95. 

Fig.  94.     Posterior  end  of  mature  larva  of  Anthomyia  radicum  Meig.     an.  Anus. 
Fig.  95.     Pupa  of  A.  radicum.      x  11. 

counting  from  the  dorsal  side,  are  smaller  than  the  rest,  and  are 
bifid.     The  arrangement  of  the  tubercles  can  be  seen  in  fig.  94. 
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The  anterior  spiracular  processes  (fig.  93^)  are  yellow  in  colour 
and  have  thirteen  lobes. 


The  Moth  Flies.     Psvchoda  spp. 

There  may  be  found  frequent!}^  on  window  panes  small,  grey, 
moth-like  flies  known  as  "  moth  flies "  or  "  owl  midges."  The 
wings  of  these  minute  insects  are  large  and  broad  in  proportion  to 
the  size  of  the  body  and  are  densely  covered  with  hairs;  when  the 
insect  is  at  rest  the  wings  slope  in  a  roof-like  manner.  The  larvae 
of  some  species  breed  in  excrement ;  Newstead  (1907)  has  found 
the  larvae  in  human  excrement;  others  occur  in  decaying  vegetable 
substances.  I  have  bred  them  from  rotting  potatoes,  while  certain 
species  breed  in  water,  especially  when  it  is  polluted  with  sewage. 
Such  aquatic  species  have  the  spiracular  apparatus  modified  to 
suit  their  changed  life.  Welch  (1912)  has  recently  described  the 
life-history  of  a  new  species,  Psychoda  albimaculata,  which  was 
found  breeding  in  the  sewage  and  water  of  the  experimental  tanks 
of  the  Chicago  sewage  works.  Although  a  form,  Fhlebotomus, 
which  occurs  in  southern  Europe,  northern  Africa  and  north  India, 
has  blood-sucking  habits,  most  of  the  species"  are  of  little  economic 
importance  in  their  relation  to  man  except  in  their  role  as 
scavengers. 

Among  other  species  of  flies  which  occur  in  or  visit  houses 
may  be  mentioned  the  Cheese  Maggot  Fly,  Pmphila  casei  L., 
whose  larva  the  well-known  "  cheese  skipper "  lives  in  cheese, 
ham  and  other  animal  substances,  usually  of  a  decomposing 
chai'acter.  The  life-history  of  this  species  may  be  passed  in  so 
short  a  time  as  three  weeks,  or  it  may  be  more  prolonged.  Occa- 
sionally the  larvae  may  be  more  responsible  for  cases  of  intestinal 
myiasis.  The  flesh-flies,  of  which  group  Sarcophaga  cavnaria  is 
a  common  species,  occasionally^  occur  in  houses.  They  breed  in 
excreta  and  decomposing  animal  matter,  especially  dead  insects. 
The  Yellow  Dung  Y\y,  Scatophaga  stercoraria  L.,  a  rather  large 
yellow  fly  which  is  commonly  found  on  and  breeding  in  cow  dung 
and  other  excreta,  is  found  in  country  houses  on  rare  occasions. 
Reference  has  already  been  made  (p.  171)  to  the  useful  character 
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of  this  species  as  an  enemy  of  M.  dome.stica.  Sometimes  small 
shining  black  flies  belonging  to  the  genus  Scenopinu.s  are  found 
in  the  windows  of  houses.  They  measure  about  one  quarter  of  an 
inch  in  length  and  have  been  called  "  window  flies  "  by  Comstock. 
The  larvae  of  these  flies  appear  to  be  carnivorous  in  their  habits. 

Many  other  flies  accidentally  stray  into  houses,  but  so  far  as 
we  have  been  able  to  ascertain  by  their  feeding  and  breeding 
habits,  the  species  which  have  been  considered  are  the  only  flies 
which  are  of  special  economic  interest.  No  general  statement, 
however,  can  be  made,  for  in  spite  of  the  advance  in  our  know- 
ledge as  to  the  economic  relationships  of  the  Diptera  which  has 
taken  place  during  the  past  few  years,  the  information  we  now 
have  available  only  serves  to  indicate  how  little  we  really  know 
concerning  this  important  order  of  insects. 


PAET   V 

THE   RELATION   OF   HOUSE-FLIES   TO   DISEASE 

CHAPTER   XX 

THE   DISSEMINATION  OF  PATHOGENIC   ORGANISMS  BY  FLIES 

Although  2f.  domestica  is  unable  to  act  as  a  carrier  of  patho- 
genic micro-organisms  in  a  manner  similar  to  that  of  the  mosquito, 
so  far  as  we  know  at  present,  nevertheless  its  habits  render  it  a 
very  potent  factor  in  the  dissemination  of  disease  by  the  mechanical 
transference  of  the  disease  germs.  These  habits  are  the  constant 
frequenting  and  liking  for  substances  used  by  man  for  food  on  the 
one  hand  and  excremental  products,  purulent  discharges,  and 
moist  surfaces  on  the  other.  Should  these  last  contain  pathogenic 
bacilli,  the  proboscis,  body  and  legs  of  the  fly  are  so  densely 
setaceous  (see  fig.   96)   that    a  great  opportunity  occurs,  with   a 


Fig.  96.     Tarsal  joints  of  one  of  posterior  pair  of  legs  of  Musai  domestica.     Lateral 
aspect  to  show  densely  setaceous  character. 

maximum  amount  of  probability,  for  the  transference  of  the 
organisms  from  the  infected  material  to  either  articles  of  food  or 
such  moist  places  as  the  lips,  eyes,  etc.  As  I  have  already  pointed 
out  (1907),  M.  domestica  is  unable  to  pierce  the  skin,  as  certain 
persons  have  suggested.  The  structure  of  the  proboscis  will  not 
permit  the  slightest  piercing  or  pricking  action,  which  fact  elimi- 
nates such  an  inoculative  method  of  infection.  It  is  as  a  mechanical 
carrier,  briefly,  that  M.  domestica,  and  such  allies  as  F.  canicularis. 
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etc.,  though  to  a  less  degree,  may  be  responsible  for  the  spread  of 
infectious  disease  of  a  bacillary  nature,  and  an  account  will  now 
be  given  of  the  role  which  this  insect  plays  in  the  disscini nation 
of  certain  diseases ^ 

While  flies  have  been  sliown,  as  tlic  evidence  advanced  latei- 
will  indicate,  to  cany  pathogenic  and  nun-pathogenic  organisms, 
especially  the  non-spore-bearing  micro-organisms,  on  the  exterior 
of  their  bodies,  recent  investigations,  notably  the  excellent  studies 
of  Graham-Smith  (1909-13),  Torrey  (1912)  and  c.f  Cox,  Lewis 
and  Glynn  (1912),  would  appear  to  indicate  forcibly  that  the  car- 
riage of  micro-organisms  in  the  digestive  tract  and  infection 
therefrom  is  even  more  important  than  mechanical  transference 
on  the  appendages  and  exterior  of  the  body.  The  longer  duration 
of  the  life  of  the  micro-organism  carried  in  the  digestive  tract  of 
a  fly  increases  the  possibility  of  infection  either  by  "  vomit "  spots 
resulting  from  regurgitation  or  by  faecal  spots.  This  important 
aspect  of  the  problem  will  be  discussed  shortly. 

It  should  be  pointed  out  that  whereas  in  some  of  the  diseases 
the  epidemiological  evidence  adduced  in  support  of  transference  of 
disease  germs  by  flies  is  confirmed  bacteriologically,  in  others  only 
the  former  evidence  exists.  Should  neither  form  of  evidence  be 
available  in  support  of  the  idea  that  M.  domestica  plays  a  part  in 
the  dissemination  of  the  infection  of  a  particular  disease,  it  is 
essential,  nevertheless,  that  if  such  a  method  of  transference  is  con- 
ceivable the  possibility  of  this  insect  being  able  to  carry  the  patho- 
genic organism  should  be  realised.  This  possibility  is  governed 
by  such  factors  as  the  presence  of  M.  domestica ;  its  access  to  the 
infected  or  infective  material,  this  being  attractive  to  the  insect 
either  because  it  is  moist  or  because  it  will  serve  as  food  for  itself 
or  its  progeny ;  and  a  certain  power  of  resistance  for  a  short  time 
against  desiccation  on  the  part  of  the  pathogenic  organisms, 
although,  as  in  the  case  of  the  typhoid  bacillus,  the  absence  of 
this  factor  is  not  fatal  to  the  idea,  as  it  may  be  overcome  by  the 
fact  that  the  fly  is  able  to  carry  the  organisms  in  its  digestive 
tract  or  to  take  on  its  appendages  an  amount  sufficient  to  resist 

^  Though  it  should  be  unnecessary,  I  wish  to  explain,  as  I  have  been  occasion- 
ally misunderstood  by  medical  men  and  others,  that  M.  domestica  is  not  regarded 
as  being  the  cause  of  any  disease,  but  as  a  carrier  of  the  infection. 
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desiccation  for  a  short  time.  The  last  factor  is  the  presence  of 
suitable  culture  media,  such  as  certain  foods,  or  moist  surfaces  as 
the  mouth,  eyes,  or  wounds,  f(jr  the  reception  of  the  (n-ganisms 
which  have  been  carried  in  the  digestive  tract  or  on  the  body  or 
appendages  of  the  fly.  If  these  conditions  are  satisfied  the  possi- 
bility of  M.  domestica  or  its  allies  playing  a  part  in  the  trans- 
ference of  the  infection  should  be  carefully  considered,  and  this 
suggestive  or  circumstantial  evidence  will  be  discussed  in  certain 
of  the  diseases  which  folhjw,  in  addition  to  the  epidemiological 
and  bacteriological  evidence. 

Historical. 

There  is  no  doubt  that  if  a  careful  search  were  made  in  old 
writings  many  references  would  be  found  attributing  unhealthy 
conditions  to  the  presence  of  flies.  The  idea  is  a  very  old  one, 
the  scientific  examination  and  experimental  proof,  however,  is  of 
comparatively  recent  date. 

Mercurialis  in  1577  (quoted  by  Nuttall),  believed  that  flies 
carried  the  virus  of  plague  from  persons  suffering  from  the  disease 
to  the  food  of  healthy  people.  Riley  (191t))  refers  to  an  early 
and  remarkable  statement  of  Kircher  who,  in  his  Scrutiniunt 
Physico-medicum,  published  in  Rome  in  1658,  said:  "There  can 
be  no  doubt  that  flies  feed  on  the  internal  secretions  of  the 
diseased  and  dying,  then  flying  away,  they  deposit  their  excretions 
on  the  food  in  neighbouring  dwellings,  and  persons  who  eat  it  are 
thus  infected."  Kircher  attributes  this  theory  to  Mercurialis. 
Sydenham  (1666)  considered  that  if  swarms  of  house-flies  were 
abundant  during  the  summer,  the  autumn  would  be  unhealthy, 
although  Holscher  (1848)  disagreed  with  this  idea.  Ci-awford 
(1808)  believed  that  insects  in  a  general  way,  especially  house-flies, 
acted  as  disseminators  of  disease.  Leidy  (1871)  declared  his  belief 
that  house-flies  were  responsible  for  the  spread  of  hospital  gangrene 
and  wound  infection  during  the  American  Civil  War  and  re- 
affirmed his  convictions  in  later  writings.  In  1871  Lord  Avebury 
called  attention  to  the  habits  of  flies  which  alight  on  decomposing 
substances  and  carry  impurities  especially  the  secretions  of  un- 
healthy wounds.     Rather  than  regard   them  as  dipterous  angels 
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dancing  attendance  in  Hygcia,  liu  said  we  should  luuk  ii|»nii  tlicni 
as  winged  sponges  spreading  hither  and  t  hither  to  carry  out  i  hf  foul 
behests  of  Contagion,  ^rany  others  have  called  attention  t(j  the 
general  facts  and  also  their  connection  with  specific  diseases;  the 
latter  authorities  will  be  mentioned  in  considering  the  various 
diseases.  Of  the  former  the  following  may  be  mentioned  :  Hewson 
(1871),  Cobbold  (1879),  Megrun  (1875),  Laboulbene  (1875),  White 
(1880),  Slater  (1S81),  Grassi  (1883),  Taylor  (1883),  Moore  (1893), 
Coplin  (1899),  Parker  (1902),  Martini  (1904),  Bergey  (1907),  Scott 
(1909),  Skinner  (1909)  and  others  (see  Bibliography). 

Methods  by  which  Bacteria  are  spread  by^  Flies. 

In  discussing  the  relation  of  house-Hies  to  disease  the  various 
methods  by  which  they  are  able  to  distribute  the  pathogenic  and 
other  bacteria  must  be  borne  in  mind.  It  has  generally  been 
understood  that  the  mechanical  transference  of  bacteria  and  other 
micro-organisms  on  the  exterior  of  the  fiy,  that  is  on  its  body 
and  appendages,  was  sufficient  to  account  for  the  distribution  of 
infection.  In  the  experimental  evidence  which  is  quoted  in  the 
succeeding  sections  this  assumption  has  generally  been  made  by 
the  investigators.  Now  while  this  is  true  in  many  instances,  there 
is  very  strong  evidence  derived  from  careful  experiments  that  the 
infection  from  the  exterior  of  the  fly  is  far  from  being  the  sole 
method  of  bacterial  distribution. 

Flies  which  frequent  infectious  matter  not  only  inevitably  con- 
taminate the  exterior  of  their  body  and  their  appendages,  but  by 
feeding  upon  such  matter,  which  is  one  of  the  two  reasons  for  their 
visiting  it,  they  take  the  bacteria  and  other  organisms  which  it 
contains  into  their  alimentary  tracts.  In  consequence  the  crop, 
the  stomach  and  the  intestines  become  the  temporary  resting 
places  of  the  bacteria.  In  the  gut  of  the  fly  the  micro-organisms, 
especially  those  of  a  non-spore-producing  kind,  will  naturally 
remain  in  a  viable  condition  for  a  considerably  greater  length  of 
time  than  on  the  exposed  external  surface  of  the  insect,  and  the 
period  during  which  infection  may  be  distributed  will  be  length- 
ened. In  treating  of  the  various  pathogenic  organisms  I  shall 
have  occasion  to  quote  many  instances  of  the  last  fact. 


222      THE  DISSEMINATION  OF  PATHOGENIC  ORGANISMS  BY  FLIES 

From  the  gut  of  the  fly  the  intl-ction  may  be  distributed  in 
two  ways,  either  from  the  mouth  or  from  the  anus.  In  describino- 
the  method  of  feeding,  the  habit  which  flies  have  of  regurgitating 
the  food  and  depositing  the  liquid  in  the  form  of  "vomit  spots" 
was  mentioned.  Such  vomit  spots  may  distribute  micro-organisms 
taken  up  with  the  food.  Also,  during  the  act  of  feeding,  micro- 
organisms previousl}^  absorbed  when  feeding  on  infected  matter 
may  be  deposited  by  the  proboscis.  Infection  from  the  anus  may 
take  place  by  means  of  infected  faecal  matter,  so  promiscuously 
deposited  as  "  fly  specks." 

A  most  thorough  and  valuable  series  of  experiments  with 
a  view  to  ascertaining  the  possibilities  of  the  aforementioned 
methods  of  distributing  infection  has  been  conducted  by  Graham - 
Smith  (1910-13)  in  connection  with  the  Local  Government 
Board's  inquiry.  The  importance  of  this  aspect  of  the  problem 
warrants  my  quoting  the  results  of  his  experiments  somewhat 
fully. 

The  gi-eater  possibility  of  non-spore-bearing  bacteria  surviving 
in  the  gut  of  the  fly  than  on  the  exterior  and  also  probable  in- 
fection by  the  proboscis  were  shown  in  his  experiments  with 
Bacillus  enteritidis  (Gaertner).  It  was  shown  that  B.  enteritidis 
may  be  present  in  the  contents  of  the  crops  and  intestines  of  flies 
for  at  least  seven  days  after  infection.  Flies  can  infect  plates  over 
which  they  walk  for  some  days  (seven  days  in  the  experiment)  in 
spite  of  the  fact  that  the  organisms  can  be  seldom  isolated  from 
their  legs  (once  in  82  cultures).  When  walking  over  the  culture 
plates  flies  constantly  place  their  proboscides  on  the  medium  and 
in  most  cases  leave  imprints  on  its  surface.  The  colonies  of 
bacteria  develop  round  these  marks.  As  Graham-Smith  points 
out,  the  infection  of  the  plate  is  probably  due  to  inoculation  by 
the  proboscides  of  the  flies. 

The  same  investigator  in  another  series  of  experiments  utilised 
Bacillus  prodigiosus,  which  was  chosen  on  account  of  its  being 
easily  cultivated  and  identified  on  plate  cultures.  Further,  it 
seemed  likely  that  its  results  would  give  some  information  as  to 
the  behaviour  of  other  non-spore-bearing  organisms.  Experiments 
on  the  duration  of  life  of  B.  prodigiosus  on  the  exterior  and  in 
the  aliuK'ntary  tract  of  flies  showed  that  this  organism  may  remain 
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alive  1)11  the  legs  and  wings  for  at  least  18  hcjurs  after  feeding.  In 
exceptional  cases  it  may  remain  alive  longer.  In  the  contents  of 
the  crop  and  intestine  and  on  the  proboscis  it  is  present  for  four  or 
five  days,  after  which  tinie  its  ninnbers  gradually  diminish  and 
after  17  days  the  cultures  yielded  negative  results. 

A  careful  series  of  experiments  with  a  view  to  determining 
whether  H.  prodigiosus  multiplied  in  the  crop  appeared  to  indicate 
that  no  multiplication  takes  place.  In  this  connection  it  may  be 
remarked  that  NicoU  (1911),  to  whose  experiments  reference  will 
be  matle  later,  finds  that  certain  of  the  non-lactose  fermenting 
bacteria  appear  to  be  capable  of  multiplying  in  the  intestine  of 
the  fly. 

The  extent  to  which  the  persistence  of  B.  prodigiosus,  and  no 
doubt  other  bacteria  of  like  character,  in  the  faecal  deposits,  that 
is,  the  infectivity  of  the  flies  in  this  respect,  is  affected  by  the 
character  of  the  food,  is  shown  by  a  series  of  experiments  in  which 
the  faeces  from  infected  flies  which  had  been  fed  on  milk,  s^Tup 
and  sputum  were  collected  at  various  periods  and  cultures  made. 
B.  prodigiosus  was  not  recovered  after  48  hours  from  the  faeces  of 
flies  fed  on  sputum.  The  faeces  of  flies  fed  on  milk  contained  the 
bacteria,  that  is,  were  infective,  for  seven  days  and  those  of  flies  fed 
on  syrup  for  four  days  after  feeding. 

That  infected  flies  will  infect  both  liquid  and  solid  food  upon 
wdiich  they  feed  was  show^n  by  feeding  flies  artificially  infected 
with  B.  prodigiosus  and  also  B.  pyocyaneus  on  milk  and  with  the 
former  organism  on  sugar.  It  was  shown  that  flies  infected  with 
these  non-spore-producing  organisms  were  able,  by  feeding  upon 
it,  to  contaminate  milk  for  ten  or  eleven  days  (in  the  case  of 
B.  prodigiosus).  That  the  contamination  would  appear  to  have 
been  solely  from  the  alimentary  tract  <jr  proboscis  was  shown  by 
the  fact  that  the  organism  (B.  prodigiosus)  could  not  be  cultivated 
from  the  limbs  of  the  infected  flies  eleven  davs  after  infection, 
although  the  limbs  were  heavily  contaminated  on  the  second  day. 
After  feeding  flies  on  s}Tup  infected  with  B.  prodigiosus  it  was 
shown  that  they  could  infect  sugar,  by  being  allowed  to  feed  upon 
it  subsequently,  for  at  least  two  days. 

Flies,   when  unusually  liungTv,  will    suck  at   the  deposits   of 
other  flies  which  they  may  find,  in  the  same  way  that  they  will 
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suck  at  dried  milk  spots,  and  it  was  shown  that  clean,  uninfected 
flies  will  infect  themselves  from  the  deposits,  both  faecal  and  vomit, 
of  infected  flies.  The  clean  flies  will  sometimes  infect  themselves 
from  the  vomit  or  faeces  deposited  by  infected  flies  several  days 
after  infection.     In  no  case  were  the  limbs  of  the  flies  infected. 

The  fly  in  the  milk  is  unfortunately  an  occurrence  altogether 
too  common.  The  infection  of  milk  by  the  immersion  of  infected 
flies  was  shown  by  Graham-Smith  in  his  experiments,  in  which 
B.  prodigiostis,  B.  pyocyaneus  and  a  pink  Coccus  were  used,  to  be 
possible  for  as  long  a  period  as  74  hours  after  the  flies  had  fed 
upon  the  infected  matter.  The  micro-organisms  were  usually  to 
be  found  in  the  crops  or  intestinal  contents  of  the  flies  during 
that  period. 

Experiments  along  similar  lines  were  carried  out  with  blow- 
flies (Calliphora  erythrocephala)  which  were  able  to  produce  gross 
infection  with  non-spore-bearing  bacteria  {B.  prodigiosus  and 
B.  pyocyaneus)  for  six  to  nine  days. 

The  foregoing  experiments  clearly  indicate  the  manner  in 
which  and  extent  to  which  infected  flies  may  infect  milk  and  sugar, 
and  no  doubt  other  foods  containing  these  ingredients,  by  feeding 
upon  them.  They  also  demonstrate  the  more  serious  nature  of 
such  infection  compared  with  infection  by  means  of  the  limbs  or 
body  owing  to  the  infective  organisms  persisting  for  a  much 
greater  length  of  time  in  the  alimentary  tract  of  the  fly. 

Infection  from  Flies  bred  in  infected  material. 

In  addition  to  the  direct  mode  of  transference  of  the  typhoid 
bacillus,  by  mechanical  means  or  by  feeding  on  infected  material, 
some  experiments  of  Faichnie  (1909)  indicated  what  may  be  a 
still  more  important  means  of  dissemination.  He  believed  that 
one  of  the  most  important  sources  of  fly  infection  was  from  flies 
bred  in  enteric  excreta ;  such  insects  thereby  became  carriers  of 
bacilli  for  the  remainder  of  their  lives,  spreading  the  infection 
chiefly  by  means  of  their  excreta.  They  were,  in  fact,  typhoid 
"  carriers." 

On  August  12th,  1909,  three  ounces  of  faeces  infected  with 
B.  typhosus  were  placed  in  a  box  of  earth  and  covered  with  a  wire 
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cage  into  which  about  30  flies  were  liberated.  Those  flies  died  in 
a  day  or  two,  but  on  August  26th,  fourteen  days  later,  a  single  fly 
hatched  and  twelve  flies  emerged  on  the  day  following.  The  box 
of  earth  was  now  replaced  by  a  sterilised  earthenware  plate,  and 
the  wire  cage  was  changed  for  a  bell-shaped  mosquito  net.  The 
flies  were  fed  upon  sugar  and  water.  On  August  26th  one  fly, 
a  day  old,  was  chloroformed  and  transfixed  with  a  red-hot  needle: 
its  body  was  flamed  (i.e.  singed)  and  it  was  put  into  a  bottle  of 
sterile  salt  solution.  After  shaking  up,  1  c.c.  of  this  solution  was 
put  into  McConkey  broth  which  remained  unchanged  for  48  hours. 
The  fly  was  then  crushed  with  a  sterile  glass  rod  and  a  drop 
plated  :  this  gave  B.  typhosus.  On  August  27th  four  other  flies 
were  similarly  treated ;  the  control  experiment  in  McConkey  was 
negative  but  B.  typhosus  was  obtained  from  the  crushed  flies. 

Similar  results  were  obtained  on  September  8rd  from  two  six- 
day  old  flies  and  on  September  6th  from  two  nine-da}'  old  flies 
treated  in  the  same  manner.  On  September  10th  two  flies,  thirteen 
days  old,  were  placed  in  a  sterile  bottle  for  24  hours  and  then 
removed.  The  bottle  was  washed  out  with  salt  solution,  and  from 
this  B.  typliosus  was  recovered.  The  two  flies  were  then  crushed 
in  salt  solution,  not  having  been  flamed,  and  B.  typhosus  was 
obtained.  On  September  13th  a  sixteen-day  old  fly  was  placed  in 
a  sterile  bottle  for  half  an  hour  and  then  removed ;  two  drops  of 
excrement  were  visible  and  from  sterile  salt  solution  which  was 
added  B.  typhosus  was  obtained.  This  fly  was  flamed  and  crushed 
and  the  bacillus  was  recovered.  B.  typhosus  was  not  recovered 
from  another  sixteen-day  old  fly  similarly  treated. 

A  second  series  of  experiments  was  carried  out  with  the  faeces 
of  a  man  suffering  from  paratyphoid  fever  (B.  paratypliosus  A.), 
the  diagnosis  having  been  made  by  a  blood  culture. 

On  August  22nd  two  ounces  of  liquid  faeces  infected  with 
B.  paratyphosus  A.  were  put  into  a  box  of  earth  and  about  thirty 
flies  were  allowed  to  feed  on  it,  etc.  In  a  day  or  two  they  died 
owing  to  the  absence  of  water.  On  September  1st  one  fly  hatched 
out;  on  September  3rd,  12  flies  were  seen,  and  on  that  date  the 
earth  was  replaced  by  a  sterile  plate  as  in  the  previous  experiments. 
On  September  1st  one  fly,  one  day  old,  was  examined  as  before: 
the  McConkey  broth  control  was  negative  and  after  being  flamed 
n.  H.-F.  15 
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and  crushed  B.  paratyphosus  A.  was  obtained.  Similar  results 
were  obtained  from  four  flies  examined  on  September  3rd.  On 
September  10th,  three  flies  each  seven  days  old  were  placed  in 
a  sterile  bottle,  and  from  their  excrement  B.  paratypliuiius  A.  was 
recovered :  the  flies  were  then  examined,  tHe  McConkey  broth  test 
was  negative,  and  the  bacillus  Avas  recovered  from  the  crushed  flies. 
On  September  10th,  a  fly  ten  days  old  was  examined  but  the 
bacillus  was  not  recovered ;  it  Avas  recovered,  however,  from  two 
other  flies  also  ten  days  old. 

From  these  experiments,  which  Faichnie  appears  to  have  care- 
fully carried  out,  it  will  be  seen  that  out  of  thirteen  flies  bred  from 
a  typhoid  stool  six  at  least  contained  B.  typhosus  in  their  intestines, 
and  the  bacillus  was  recovered  from  the  excrement  and  intestine 
of  a  fly  sixteen  days  old.  Similarly,  from  a  paratyphoid  stool  at 
least  four  flies  out  of  eleven  contained  B.  paratyphosiis  A.  in  their 
intestines  and  in  each  series  of  experiments  one  fly  only  was  found 
not  to  contain  the  bacillus. 

He  also  found  B.  typhosus  in  flies  from  Lahore,  once ;  from 
Kamptee,  twice ;  from  Nasirabad,  once  in  flies  from  the  bungalow 
of  an  officer  who  had  enteric  fever,  and  once  from  flies  in  the 
officer's  mess  there  ;  from  Nowgong,  twice,  once  in  flies  from  the 
Royal  Artillery  Coffee-shop,  and  again  in  flies  from  the  trenching 
ground ;  making  a  total  of  nine  times  in  three  months.  Except 
in  the  case  of  the  flies  from  Nasirabad,  two  flies  were  always 
flamed  before  examination,  and  a  control  of  the  washed  flies  was 
taken  before  crushing,  so  that  there  is  no  doubt  that  the  bacillus 
was  actually  in  the  interior  of  the  fly  most  probably  in  the 
intestine. 

Summarising  the  conclusions  reached  as  the  result  of  his  first 
series  of  experiments  (1909)  carried  out  at  Kamptee,  he  says: 
"  Experience  seems  to  show  that  infection  conveyed  by  flies'  legs, 
natural  though  it  may  appear  to  all  from  experiments  carried  out 
to  prove  its  possibility,  is  not  a  common  nor  even  a  considerable 
cause  of  enteric  fever.  On  the  other  hand  infection  by  the 
excrement  of  flies  bred  in  an  infected  material  explains  many 
conclusions  previously  difficult  to  accept.  In  a  word,  it  is  the 
breeding  ground  that  constitutes  the  danger,  not  the  ground  where 
the  flies  breed." 
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III  ;i  series  of  experiments  with  Bacillus  pijOcyaneuH  Bacot 
(J 911)  appears  to  prove  conclusively  that  this  bacillus  if  ingested 
during  the  larval  life  of  M.  doinestica  is  able  to  retain  its  existence 
during  the  complex  changes  accompanying  metamorphosis  and  to 
continue  its  existence  in  the  gut  of  the  adult  Hy  after  emergence 
from  the  puparium.  He  points  out  that  the  Hies  in  Faichnie's 
experiments  may  have  re-infected  themselves  by  feeding  on  the 
contaminated  material.  To  avoid  the  possibility  of  this  in  his 
experiments  the  pupae  were  sterilised  and  placed  in  clean  sand  in 
clean  tubes.  Commenting  on  Bacot's  experiments,  Ledingham 
states  in  a  footnote  that  he  has  successfully  isolated  B.  typhosius 
from  pupae  of  M.  doinestica,  the  larvae  having  fed  on  the  organism. 
All  chances  of  external  infection  from  the  exterior  of  the  puparium 
were  removed  by  the  careful  method  he  devised  of  examining  the 
bacterial  content  of  the  pupal  interior.  The  puparium  was  held 
lightly  between  the  left  thumb  and  forefinger  so  that  its  blunt 
extremity  was  free.  The  extremity  was  seared  by  means  of 
a  small  searing  iron,  and  at  the  same  time  flattened.  It  was  then 
pierced  by  a  fine  capillary  pipette  controlled  by  a  rubber  teat. 
The  pupal  contents  are  stirred  up  by  the  extremity  of  the  pipette 
and  finally  drawn  up  into  the  tube  whence  they  are  squirted  on  to 
culture  plates. 

In  a  later  paper  Ledingham  (1011)  has  carried  his  investi- 
gations still  further,  and  shows  that  although  B.  typhosus  was 
supplied  in  considerable  quantities  to  the  larvae  of  M.  domestica, 
all  attempts  to  demonstrate  the  bacillus  in  the  pupae  or  resulting 
adult  tiies  were  unsuccessful  until  recourse  was  had  to  the  disinfec- 
tion of  the  ova.  After  this  preliminary  disinfection  both  larvae 
and  pupae  gave  pure  growths  of  B.  typhosus.  The  author's  chief 
conclusion  appears  to  be  that  the  typhoid  bacillus  can  lead  only 
a  very  precarious  existence  in  the  interior  of  the  larvae  or  pupae 
which  possess  apparently  a  well-defined  bacterial  flora  of  their 
own,  as  Nicoll  (1911)  has  recently  shown.  In  the  experiments  it 
was  not  really  possible  to  determine  whether  the  B.  typhosus,  though 
recoverable  from  the  pupae,  was  in  fact  actively  multiplying  in  the 
pupal  interior  or  gradually  dying  out.  There  was  some  indication 
that  the  latter  was  the  case,  as  the  typhoid  colonies  recovei'ed 
from  the  pupa  in  the  one  successful  instance  were  extremely  few 
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in  number,  while  the  larvae  which  had  been  feeding  on  B.  typhosus 
contained  enormous  numbers  of  the  bacilli  as  both  cultui'al  and 
microscopical  study  demonstrated. 

Graham-Smith  (1911)  carried  out  experiments  on  flies  bred 
from  artificially  infected  larvae.  He  used  the  blow-fly  Galliphora 
erythrocepJiala  and  fed  the  larvae  on  meat  infected  with  the  anthrax 
bacillus.  These  experiments  gave  results  of  a  positive  character 
and  are  described  in  a  later  chapter  on  anthrax. 

In  a  further  report  Graham-Smith  (1912)  finds  that  of  the 
non-spore-producing  organisms  only  those  which  are  adapted  to 
the  conditions  prevailing  in  the  intestine  of  the  larvae,  such  as 
Morgan's  bacillus  and  certain  non-lactose  fermenting  bacilli  survive 
through  the  metamorphosis  and  are  present  in  the  adult  flies. 
Such  organisms  as  Bacillus  typhosus,  B.  enteritidis  and  B.  prodi- 
giosus  rarely  survive. 

More  recently  Tebbutt  (1912)  has  found  that  such  pathogenic 
organisms  as  Bacillus  dysenteriae  (type  "  Y  ")  cannot  be  recovered 
from  pupae  or  flies  reared  from  larvae  to  which  these  organisms 
have  been  administered.  When  larvae  which  have  been  reared 
from  disinfected  ova  have  been  fed  on  B.  dysenteriae  (type  "  Y  ") 
the  organism  is  recovered  in  a  small  proportion  of  cases  from  the 
pupae  and  flies.  Under  similar  conditions  B.  typhosus  was  not 
recovered.  Further  experiments  appeared  to  indicate  that  the 
process  of  metamorphosis  is  accompanied  by  a  considerable  de- 
struction of  bacteria  present  in  the  larval  stage.  Tebbutt  believes 
that  there  is  but  a  remote  possibility  of  flies  becoming  infected 
from  the  presence  of  pathogenic  organisms  in  the  breeding  ground 
of  the  larvae. 

Nevertheless,  it  would  appear  that  the  experiments  which 
have  been  described  demonstrate  the  possibility  that  flies,  bred 
from  larvae  which  have  bred  in  infected  matter,  may  carry  infec- 
tion internally,  and  the  practical  significance  of  these  i-esults 
surely  needs  no  explanation. 


CHAPTER   XXI 

THE   CARRIAGE   OF   TYPHOID   FEVER   BY   FLIES 

Of  all  infectious  diseases  the  conditions  incidental  to  this 
disease  are  most  favourable  tor  the  transference  of  infection  by 
M.  domestica,  and  it  is  no  doubt  on  this  account  that  the  greatest 
attention  has  been  paid  to  the  role  of  house-flies  in  the  dissemina- 
tion of  this  disease.  The  chief  favourable  condition  is  that  the 
typhoid  bacillus  occurs  in  the  stools  of  typhoid  and  incipient 
typhoid  and  "  carrier  "  cases.  Human  excrement  attracts  flies  not 
only  on  account  of  its  moisture  but  as  suitable  food  for  the  larvae. 
The  infected  excrement  is  often  very  accessible  to  flies,  especially 
in  military  camps,  as  will  be  shown  shortly ;  the  flies  also  frequent 
articles  of  food  and  not  infi-equently  the  moist  lips  of  man.  Such 
are  the  conditions  most  suitable  for  the  transference  of  the  bacilli, 
and  it  is  on  account  of  the  frequent  coincidence  of  these  conditions 
that  flies  can  play,  and  have  played,  such  an  important  role  in 
the  dissemination  of  this  disease  among  communities,  in  spite  of 
the  fact  that  the  typhoid  bacillus  cannot  survive  desiccation, 
which  I  think  is  an  argument  against  its  being  carried  by  dust. 
The  danger  incident  to  the  carriage  of  this  non-spore-bearing 
bacillus  in  the  digestive  tract  of  the  fly  probably  exceeds  that 
resulting  from  direct  carriage  on  the  appendages  and  body  of  the 
insect. 

The  possibility  of  flies  becoming  infected  with  Bacillus  typlLOSus 
is  increased  with  the  frequent  accessibility  of  flies  in  numbers  to 
infected  material.  This  fact  is  most  clearly  demonstrated  in 
military  and  construction  camps,  and  during  typhoid  epidemics  in 
the  slum  and  insanitary  portions  of  towns  and  cities. 
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A  new  danger  is  also  added  by  the  discovery  of  typhoid 
"carriers."  Although  cases  of  walking  typhoid  or  ambulatory 
enteric  fever  have  been  known  for  a  number  of  years  and  the 
occurrence  of  chronic  carriers  was  recognised  in  Germany,  it  is 
only  wathin  the  last  few  years  that  the  attention  of  medical  men 
generally,  in  Europe  and  America,  has  been  draw-n  to  this  im- 
portant fact.  The  occurrence  of  these  chronic  carriers,  w^ho  are 
not  ill  but  continue  to  give  out  the  typhoid  bacillus  in  their 
excreta  and  urine,  is  discussed  at  some  length  by  Howard  (1911). 
He  quotes  from  an  important  article  in  the  Boston  Medical 
and  Surgical  Journal  and  gives  the  following  quotations  and 
cases  : 

"  It  is  asserted  by  Kutscher  that,  in  south-western  Germany, 
direct  contact  is  a  more  important  factor  in  the  spread  of  typhoid 
fever  than  polluted  water,  and  that  about  f<>ur  per  cent,  of  typhoid 
patients  become  chronic  carriers  of  the  specific  bacilli  which  they 
excrete  in  both  urine  and  faeces,  sometimes  for  long  periods. 
Doerr,  for  example,  cites  cases  reported  by  Drober  and  Hunner,  in 
which  the  bacilli  were  isolated  from  the  gall-bladder  seventeen 
and  twenty  years  after  recovery,  and  Lentz  asserts  that  if  after 
ten  weeks  convalescence  the  excretion  of  the  bacilli  has  not  ceased, 
it  will  most  likely  continue  permanently  and  uninterruptedly,  in 
spite  of  medication.  He  cites  a  number  of  cases  in  which,  after 
ten,  thirty  and  even  forty  years  after  recovery,  the  excretion 
continued.  Levy  and  Kayser  report  that  in  the  autumn  of  1905 
a  number  of  cases  of  typhoid  fever  occurred  in  an  insane  asylum, 
in  which  two  years  previously  an  inmate  had  had  the  disease  and 
had  recovered.  On  the  appearance  of  these  later  cases  this  person 
was  examined  and  was  found  to  be  excreting  the  bacilli  in  her 
faeces.  Further  examinations  were  made  at  intervals  of  several 
weeks  and  the  bacilli  Avere  found  ten  times.  In  October  190(5, 
she  died  of  a  typhoid  bacillery  septicemia  due  to  auto-infection 
from  the  gall-bladder,  and  on  autopsy  the  bacilli  were  isolated 
from  the  spleen,  liver,  bile,  w^all  of  the  gall-bladder  and  from  the 
interior  of  a  large  gall  stone." 

Nieter  and  Liefmann  repoi't  a  similar  case  occurring  in  an 
insane  asylum  containing  250  inmates  among  which  seven  chronic 
carriers  were  found. 
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To  continue  the  account  of  carrier  cases : 

"Klinger  found,  among  1700  persons,  twenty-three  typhoid 
carriers,  ranging  in  age  from  eightt-en  months  to  sixty  years, 
eleven  of  whom  had  no  typhoid  history.  Of  842  convalescents 
from  the  disease,  sixty-three,  or  thirteen  and  one-tenth  per  cent., 
were  found  to  be  excreting  the  bacilli,  and  eight  were  still  <Ieing 
so  six  w^eeks  after  recovery. 

"Kayser,  tracing  outbreaks  to  their  sources,  found  a  boy  of 
twelve  years,  a  member  of  a  milkman's  family,  to  be  a  chronic 
carrier  and  the  probable  source  of  infection  in  a  number  of  cases. 
Another  outbreak  in  which  seventeen  persons  were  seized  (two 
deaths)  w^as  traced  to  a  woman  who  had  no  typhoid  history  but 
was  excreting  the  specific  bacilli.  She  was  employed  in  the  driry 
from  which  the  persons  seized  had  obtained  their  milk.  ( )f  200 
cases  of  typhoid  fevei-  investigated,  60  were  traced  to  infected 
milk.  Among  the  sixty  victims  were  thirty  maids  and  kitchen 
girls,  twelve  bakers  and  forty-four  persons  engaged  more  or  less  in 
kitchen  work.  In  all,  twenty-eight  cases  were  traced  directly  to 
apparently  healthy  typhoid  carriers." 

The  final  case  recorded  is  probably  that  of  the  now  celebrated 
"  Typhoid  Mary."  Six  years  previous  to  the  institution  of  the 
encpiir}'  this  woman  appeared  to  have  had  a  mild  attack  of  typhoid 
fever.  "  Since  that  time  there  have  been  undoubtedly  twenty- 
eight  cases  of  typhoid  fever  in  the  families  in  which  she  worked. 
The  number  of  cases  in  a  family  within  a  few  weeks  of  her  advent 
varied  from  one  or  two  up  to  six  out  of  seven  members.  The 
evidence  seemed  so  strong  that  she  was  at  once  removed  to 
Reception  Hospital  by  force.  Examinations  of  her  faeces  and  urine 
were  made  and  the  typhoid  bacilli  found  in  her  faeces  confirmed 
positively  our  suspicions  (says  the  writer  of  the  account)  with 
regard  to  the  possibility  of  her  conveying  typhoid  fever." 

The  significance  of  the  occurrence  of  so  large  a  number  of 
chronic  carriers  as  these  selected  observations  indicate  is  very 
great,  especially  when  considered  in  relation  to  the  question  of  the 
possibility  of  flies  having  access  to  infected  matter  under  what  one 
might  call  normal  conditions.  Flies  would  have  as  equal  access 
to  the  infected  faeces  of  these  unrecognised  "  carriers "  as  to  the 
faeces  of  a  healthy  person.     Further  investigations  are  certain  to 
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disclose    a   considerable    percentage    of  "  carriers "  who    are,   un- 
knowingly, distributors  of  the  typhoid  bacillus. 


The  dissemination  of  'I^i-hoid  Fever,  epidemiological 

AND   circumstantial   EVIDENCE. 

In  (li.scussing  the  possible  methods  of  the  dis.semination  of  the 
typhoid  bacillus  in  the  report  on  the  prevalence  of  typhoid  fever 
in  the  District  of  Columbia,  Kober  (1895)  states:  "The  agency 
of  flies  and  other  insects  in  carrying  the  germs  from  box-privies 
and  other  receptacles  from  typhoid  stools  to  the  food  cannot  be 
ignored  "  ;  and  in  discussing  certain  special  cases  he  says  :  "  There 
is  abundant  evidence  of  unlawful  surface  pollution... and  as  the 
germs  find  a  suitable  soil  in  such  surroundings  it  is  possible  that 
the  flies,  which  abound  wherever  surface  pollution  exists,  may  carry 
the  germs  into  the  houses  and  contaminate  the  food."  Later  he 
states  :  "A  large  percentage  of  the  cases  occurred  in  houses  supplied 
with  box-privies  which,  apart  from  being  an  important  cause  in 
soil  pollution,  are  believed  to  be  otherwise  instrumental  in  the 
dissemination  of  germs  chiefly  through  the  ugency  of  flies." 

There  is  a  very  large  amount  of  testimony  given  as  to  the  role 
played  by  flies  in  the  spread  of  enteric  in  military  stations  and 
camps,  and  especially  during  the  two  wars — the  Spanish-American 
and  the  Boer  War.  All  the  conditions  most  favourable  for  the 
dissemination  of  the  bacilli  by  flies  were,  and  in  many  military 
stations  are  still,  present ;  open  latrines  or  filth-trenches  accessible 
to  flies  on  the  one  hand  and  on  the  other  the  men's  food  within  a 
short  distance  from  the  latrines.  I  cannot  do  better  than  quote 
the  evidence  in  the  words  of  the  witnesses  and  allow  it  to  speak 
for  itself 

Vaughan,  a  member  of  the  United  States  Army  Typhoid 
Commission  of  1898,  states : 

"  My  reasons  for  believing  that  flies  were  active  in  the 
dissemination  of  typhoid  fever  may  be  stated  as  follows : 

"  (a)     Flies  swarmed  over  infected  faecal  matter  in  the  pits 

and    then    visited    and    fed    upon    the    food    prepared    for  the 

soldiers  in   the  mess-tents.     In  some   instances  where   lime  had 
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recently  been  sprinkled  over  the  contents  of  the  pits,  flies  with 
their  feet  whitened  with  lime  were  seen  walking  over  the  i'mn]. 

" (b)  Officeis  whose  mess-tents  were  protected  by  screens 
suffered  proportionately  less  from  typhoid  fever  than  did  those 
whose  tents  were  not  so  protected. 

"(c)  Typhoid  fever  gradually  disa])peared  in  the  fall  of  1898 
with  the  approach  of  cold  weather  and  the  consequent  disabling  of 
the  fly. 

"  It  is  po.ssible  for  the  fly  to  carry  the  typhoid  bacillus  in  two 
ways.  In  the  first  place  faecal  matter  containing  the  typhoid 
germs  may  adhere  to  the  fly  and  be  mechanically  transported.  In 
the  second  place,  it  is  possible  that  the  typhoid  bacillus  may  be 
carried  in  the  digestive  organs  of  the  fly  and  may  be  deposited 
with  its  excrement." 

One  of  his  conclusions  was  that  infected  water  was  not  an 
important  factor  in  the  dissemination  of  typhoid  in  the  national 
encampments  of  1898,  since  only  about  one-fifth  of  the  soldiers 
in  the  national  encampments  during  the  summer  of  that  year 
developed  typhoid  fever,  whereas  about  80  per  cent,  of  the  total 
deaths  were  due  to  this  disease.  In  the  latter  connection  Sternberg 
(1899)  refers  to  a  report  of  Reed  upon  an  epidemic  in  the  Cuban 
War,  in  which  it  was  stated  that  the  epidemic  was  clearly  not  due 
to  water  infection  but  was  transferred  from  the  infected  stools  of 
the  patients  to  the  food  by  means  of  flies,  the  conditions  being 
especially  favourable  for  this  means  of  dissemination. 

Sternberg,  as  Surgeon-General  of  the  U.S.  Army,  issued  the 
following  instructions  1 :  "  Sinks  should  be  dug  before  a  camp  is 
occupied  or  as  soon  as  practicable.  The  surface  of  the  faecal 
matter  should  be  covered  with  fresh  earth  or  quicklime  or  ashes 
three  times  a  day." 

I  think  that  the  instructions  of  that  ancient  leader  of  men, 
Moses,  who  probably  had  experienced  the  effects  of  flies,  were  even 
better  than  these.  He  said  (Deut.,  ch.  xxiii,  tiv.  12,  13):  "Thou 
shalt  have  a  place  also  without  the  camp  whither  thou  shalt  go 
forth  abroad ;  and  thou  shalt  have  a  paddle  (or  shovel)  among  thy 
weapons;  and  it  shall  be,  when  thou  sittest  down  abroad,  thou 

^   Circular  No.  1  of  tlie  Surgeon-General  of  the  U.S.  Annj/,  April,  1898. 
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shalt   dig  therewith,  and   shalt  turn   back  and  cover  that  which 
cometh  finni  thee." 

Sternberg  is  of  the  opinion  that  typhoid  fever  and  camp 
diarrhoea  are  frequently  communicated  to  soldiers  through  the 
agency  of  flies,  "  which  swarm  about  faecal  matter  and  filth  of  all 
kinds  deposited  upon  the  ground  or  in  shallow  pits,  and  directly 
convey  infectious  material  attached  to  their  feet  or  contained  in 
their  excreta  to  the  food  which  is  exposed  while  being  prepared  in 
the  common  kitchen,  or  while  being  served  in  the  mess-tent." 

Veeder  (1898),  in  referring  to  the  conditions  exi.sting  in  the 
camps  of  the  Spanish-American  War,  says  that  in  the  latrine 
trenches  he  saw  "  faecal  matter  fresh  from  the  bowel  and  in  its 
most  dangerous  condition,  covered  with  myriads  of  flies,  and  at  a 
short  distance  there  was  a  tent,  equally  open  to  the  air,  for  dining 
and  cooking.  To  say  that  the  flies  were  busy  travelling  back  and 
from  between  these  two  places  is  putting  it  mildly."  Further,  he 
says,  "There  is  no  doubt  that  air  and  sunlight  kill  infection,  if 
given  time,  but  their  very  access  gives  opportunity  for  the  flies  to 
do  serious  mischief  as  conveyers  of  fresh  infection  wherever  they 
put  their  feet.  In  a  very  few  minutes  they  may  load  themselves 
with  the  dejections  from  a  typhoid  or  dysenteric  patient,  not  as  yet 
sick  enough  to  be  in  hospital  or  under  observation,  and  carry  the 
poison  so  taken  up  into  the  very  midst  of  the  food  and  water 
ready  for  use  at  the  next  meal.  There  is  no  long  and  round-about 
process  involved.  It  is  very  plain  and  direct.  Yet  when  the 
thousands  of  lives  are  at  stake  in  this  way  the  danger  passes 
unn(^ticed,  and  the  consequences  are  disastrous  and  seem  mysterious 
until  attention  is  directed  to  the  point ;  then  it  becomes  simple 
enough  in  all  conscience." 

The  following  statements  which  I  have  noted  in  reading  the 
voluminous  report  of  the  Commission  which  was  charged  with  the 
investigation  of  the  origin  and  spread  of  typhoid  fever  in  the 
United  States  military  camps  during  the  Spanish  War  in  1898 
(see  Reed,  Vaughan  and  Shakespeare,  1904),  give  the  opinions 
of  observers  in  different  camps : — p.  62,  the  epidemic  was  due  to 
flies,  not  to  the  water;  the  careless  disposition  of  filth;  p.  74, 
flies  were  swarming  over  sinks,  kitchens  and  mess  tables ;  p.  88, 
the  epidemic  was  due  to  the  infection  of  food  by  flies;  p.   104, 
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thoroughly  convinced  that  the  chief  agent  in  the  distiibution  of 
typhoid  fever  was  the  fly;  p.  107,  the  cause  was  not  the  water- 
supply  but  fly  contamination;  flies  "had  inflicted  greater  loss 
upon  the  American  soldiers  than  all  the  arms  of  Spain";  p.  206, 
the  cook  observed  flies  with  feet  covered  with  disinfecting  lime,  on 
the  food;  p.  273,  where  mosquito  netting  was  used  little  or  no 
typhoid  was  contracted ;  p.  279,  flies  observed  carrying  lime  from 
privy  vaults ;  repeated  mention  of  sinks  and  flies  in  millions,  of 
sinks  near  to  mess  tents ;  p.  535,  the  flies  and  the  heat  made  a 
visit  to  the  sinks  (latrines)  like  a  visit  to  purgatory ;  p.  665,  flies 
swarmed  so  numerously  that  the  first  faecal  droppings  were 
covered  before  defaecation  was  complete. 

The  above  statements  are  all  the  more  significant,  when  it  is 
remembered  that  at  that  time  (1898)  the  idea  of  the  house-flv  as 
a  disease  carrier  had  hardly  been  conceived  except  in  the  minds 
of  a  limited  number  of  investigators.  The  evidence  which  was 
afforded,  however,  Avas  convincing  enough  and  it  was  only  natural 
that  the  Commission  came  to  the  conclusion  that :  "  flies  un- 
doubtedly served  as  carriers  of  infection."  From  this  onward,  the 
belief  in  the  disease-carrying  powers  of  the  house-fly  increased  in 
strength  and  became  firmly  established  in  people's  minds. 

Chmelicek  (1899)  in  recording  his  experience  of  the  conditions 
of  camp  life  at  Tampa,  Florida,  during  the  Spanish-American  war, 
states:  "The  pits  were  only  about  forty  feet  from  the  entrance  of 
the  kitchen  tent  and  the  number  of  flies  around  these  holes  was 
countless."  He  calls  attention  to  the  fact,  to  which  Aldridge 
(1907)  referred  later,  that  the  greatest  incidence  of  typhoid  was 
among  the  mounted  troops,  and  he  attributed  it  to  the  larger 
number  of  flies  present.  In  reference  to  the  conditions  in  the 
kitchens  he  mentions  the  fact  that  the  flies  travelled  from  the 
latrines  to  the  kitchen  tent  where  sugar,  which  was  exposed  for 
hours,  was  almost  black  with  them  and  looked  more  like  a  bag  or 
box  full  of  raisins  than  of  sugar. 

Dutton  (1909)  gives  an  interesting  figure  to  demonstrate  the 
manner  in  which  flies  would  be  carried  from  sources  of  typhoid 
infection  (division  hospitals  and  latrines)  in  the  camps  of  the 
United  States  Army  at  Fernandina  and  Tampa  to  different  parts 
of  these  camps.     He  states  that  Sergeant  Brady,  who  was  stricken 
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with  typhoid  fever  at  Fernandina,  mentioned  to  him  that  the  lime 
used  about  the  latrines  and  garbage  dumps  was  carried  by  flies  to 
the  food  which  was  being  used  in  the  camps. 

In  the  South  African  War,  a  year  or  two  later,  the  same 
conditions  existed,  and  there  was  a  very  heavy  loss  of  life  from 
enteric  fever.  Writing  on  the  subject,  Dunne  (1902)  says  :  "  The 
plague  of  flies  which  was  present  during  the  epidemic  of  enteric 
at  Bloemfontein  in  1900  left  a  deep  impression  on  my  mind,  an5, 
as  far  as  I  can  ascertain  from  published  reports,  on  all  who  had 
experience  on  that  occasion.  Nothing  was  more  noticeable  than 
the  fall  in  the  admissions  from  enteric  fever  coincident  with  the 
killing  otF  of  the  flies  on  the  advent  of  the  cold  nights  of  May  and 
June.  In  July,  when  I  had  occasion  to  visit  Bloemfontein,  the 
hospitals  there  were  half  empty,  and  had  practically  become 
convalescent  camps." 

A  similar  experience  is  related  by  Tooth  (1901).  Referring  to 
the  role  of  flies  he  says :  "  As  may  be  expected,  the  conditions  in 
these  large  camps  were  particularly  favourable  to  the  growth  and 
multiplication  of  flies,  which  soon  became  terrible  pests.  I  was 
told  by  a  resident  in  Bloemfontein  that  these  insects  were  by  no 
means  a  serious  plague  in  ordinary  times,  but  that  they  came 
with  the  army.  It  would  be  more  correct  to  say  that  the  normal 
number  of  flies  was  increased  owing  to  the  large  quantities  of 
refuse  upon  which  they  could  feed  and  multiply.  They  were  all 
over  our  food,  and  the  roofs  of  our  tents  were  at  times  black  with 
them.  It  is  not  unreasonable  to  look  upon  flies  as  a  very  possible 
agency  in  the  spreading  of  the  disease,  not  onl\-  abroad  but  at 
home.  It  is  a  well-known  fact  that  with  the  first  appearance  of 
the  frost  enteric  fever  almost  rapidly  disappears.... It  seems  hardly 
credible  that  the  almost  sudden  cessation  of  an  epidemic  can  be 
due  to  the  effect  of  cold  upon  the  enteric  bacilli  only.  But  there 
can  be  no  doubt  in  the  mind  of  anybody  who  has  been  living  on 
the  open  veldt,  as  we  have  for  three  or  four  months,  that  flies  are 
extremely  sensitive  to  the  change  of  temperature,  and  that  the 
cold  nights  kill  them  off  rapidly."  In  the  discussion  on  this  paper 
Church  stated  that  "  many  nurses  told  me  that  if  one  went  into  a 
tent  or  ward  in  which  the  patients  were  suffering  from  a  variety 
of  diseases,  one  could  tell  at  once  which  were  the  typhoid  patients 
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by  the  way  in  which  the  Hies  clustered  about  thcii'  luDuths  and 
eyes  while  in  bed."  It  was  further  stated  in  the  discussion  that 
where  the  Americans  used  quickliine  in  their  latrines  the  cooks  in 
the  neighbouring  kitchens  found  that  the  food  became  covered 
with  (juicklime  from  the  tiles  which  came  from  the  latrines  to  the 
kitchens. 

Dr  Tooth,  in  a  letter  to  me,  says:  "I  am  afraid  my   wi-itten 
remarks   hardly  express  strongly  enough   the   importance  that  I 
attach  to  flies  as  a  medium  of  spreading  infection.    Of  course,  I  do 
not  wish  to  under-rate  the  water  side  of  the  question,  but  once  get, 
by  that  means,  enteric  into  a  camp  the  flies,  in  my  opinion,  are 
quite  capable  of  converting  a  sporadic  incidence  into  an  epidemic. 
A   pure   water  supply   is   an   obvious   necessity,  but  the   prompt 
destruction  of  refuse  of  every  description  is  every  bit  as  important." 
Smith  (1903),  in  speaking  of  his  experience  in  South  Africa, 
says :  "  On  visiting  a  deserted  camp  during  the  recent  campaign 
it  was  common  to  find  half  a  dozen  or  so  open  latrines  containing 
a  foetid  mass  of  excreta  and  maggots."     Similar  observations  were 
made  by  Austen  (1904),  who,  describing  a  latrine  that  had  been 
left  a  short  time  undisturbed,  says :    "  A  buzzing  swarm  of  flies 
would  suddenly  arise  from  it  with  a  noise  faintly  suggestive  of  the 
bursting  of  a  percussion  shrapnel  shell.     The  latrine  was  certainly 
not  more  than  one  hundred  yards  from  the  nearest  tents,  if  so 
much,  and  at  meal  times  men's  mess-tins,  etc.,  were  always  invaded 
by  flies.     A  tin  of  jam  incautiously  left  open  for  a  few  minutes 
became  a  seething  mass  of  Hies  (chiefly  Pycnosoma  chloropyga 
Wied.),  completely  covering  the  contents." 

Howard  (1900),  referring  to  an  American  camp  where  no  effort 
was  made  to  cover  the  faeces  in  the  latrines,  says :  "  the  camp 
contained  about  1200  men,  and  flies  were  extremely  numerous  in 
and  around  the  sinks.  Eggs  of  Musca  domestica  were  seen  in 
large  clusters  on  the  faeces,  and  in  some  instances  the  patches 
were  two  inches  wide  and  half  an  inch  in  depth,  resembling  little 
patches  of  lime.  Some  of  the  sinks  were  in  a  very  dirty  condition 
and  had  a  very  disagreeable  odour." 

A  few  examples  of  the  prevalence  of  conditions  favouring  the 
dissemination  of  enteric  by  flies  in  permanent  camps  may  be 
noted.       Cockerill    (1905),    in    describing     camp    conditions    in 
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Bermuda,  mentions  kitchens  within  one  hundred  yards  of  the 
latrines;  the  shallow  privy,  seldom  or  never  cleaned  out,  and 
middens  are  found  which  contain  masses  of  filth  swarming  with 
flies.  He  states  that  in  more  recent  years  the  period  of  greatest 
incidence  is  in  the  summer,  being  chiefly  due  to  flies  and 
contaminated  dust.  Wanhill  (1909)  has  furnished  an  interesting 
report  on  the  typhoid  conditions  in  Bermuda.  From  1893  to  1902 
Bermuda  had  the  highest  enteric  fever  rate  among  the  troops  of 
any  conmiand  occupied  by  British  troops.  Wanhill  was  placed  in 
charge  in  1904  and  in  two  years  the  disease  was  almost  eradicated. 
He  considered  that  flies  were  the  most  important  agents  in  the 
dissemination  of  the  bacilli. 

Quill  (1900),  reporting  on  an  outbreak  of  enteric  in  the  Boer 
camp  in  Ceylon,  states :  "  During  the  whole  period  that  enteric 
fever  was  rife  in  the  Boer  camp  flies  in  that  camp  amounted  to 
almost  a  plague,  the  military  camp  being  almost  similarly  infested, 
though  to  a  less  extent.  The  outbreak  in  the  Boer  camp  preceded 
that  among  the  troops;  the  two  camps  were  adjacent,  and  the 
migration  of  the  flies  from  the  one  to  the  other  easy."  Weir, 
reporting  on  an  outbreak  of  enteric  fever  in  the  barracks  at 
Umbala,  India^  says  that  most  of  the  pans'  in  the  latrines  were 
half  or  quite  full,  and  flies  were  very  numerous  in  them  and  on 
the  seats,  which  latter  were  soiled  by  the  excreta  conveyed  by  the 
flies'  legs.  The  men  stated  that  the  plague  of  flies  was  so  great 
that  in  the  morning  they  could  hardly  go  to  the  latrines.  He 
found  that  the  flies  were  carried  from  the  latrines  to  the  barrack- 
rooms  on  the  clothes  of  the  men.  This  state  of  affairs  suggests 
another  mode  of  infection,  namely,  joer  rectum.  As  Smith  has 
pointed  out  (I.e.)  it  is  not  improbable  that  flies  under  these 
conditions  may  be  inoculators  of  dysentery. 

Aldridge(1907)  gives  some  highly  suggestive  statistics  showing 
the  influence  of  the  presence  of  breeding-places  of  flies.  Flies  are 
found  in  greater  numbers  in  mounted  regiments  than  in  infantry, 
and  he  shows  how  this  affects  the  incidence  of  enteric  fever.  In 
the  British  army  in  India,  1902-05,  the  ratios  per  1000  per  annum 
of  cases  admitted  were :  cavalry,  5-74,  and  infantry  4-75.  He 
states  that :  "  A  study  of  the  incidence  of  enteric  fever  shows  that 
1  Army  Medical  Department  Report,  1902,  p.  207. 
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stations  where  there  are  in)  filth  trenches,  or  where  they  are  a 
considerable  distance  from  the  barracks,  all  have  an  admission-rate 
below  the  average,  niul  all  but  one  less  than  half  the  average." 

Jones  (1907)  gives  an  interesting  account  of  his  experience  of 
typhoid  fever  in  the  army  at  Nasirabad,  India.  He  states :  "  We 
have  been  led  in  this  station  to  regard  Hy  infection  as  the 
principal  cause  of  the  unenviable  prevalence  of  enteric  fever" — 
and  "  Believing  as  we  do  that  flies  are  the  chief  carriers  of  enteric 
fever  in  India,  any  plan  which  gets  rid  of  them  is  worthy  of 
consideration."  Howard  (1911)  calls  attention  to  the  significance 
of  the  method  adopted  by  Jones  to  persuade  the  high-caste  natives 
to  adopt  and  carry  out  his  views.  Making  use  of  the  word 
"  kakophagy  "  (excrement-eating)  Jones  writes :  "  I  presume  no 
one  wishes  to  be  a  kakophagist ;  yet  we  are  so  in  spite  of  our- 
selves, if  flies  bred  in  filth  pits  alight  on  our  food  just  before  we 
eat  it."  This  kind  of  argument  would  surely  appeal  to  the  most 
indiflerent  high-caste  native  or  other  person  who  was  inclined  to 
regard  flies  as  "wholesome  and  appetising."  Stratton  (1907) 
discussing  the  seasonal  prevalence  of  enteric  at  Meerut,  India, 
states  that  the  fever  recurs  with  the  reappearance  of  the  dust  and 
flies  after  the  rainy  season ;  during  the  monsoon  there  is  a  great 
diminution  of  enteric. 

Ainsworth  (190-S)  has  studied  the  relation  between  enteric 
fever  and  climatic  conditions  at  the  military  stations  at  Poona  and 
Kirkee,  India.  His  conclusion  is  that  it  is  highly  significant  and 
at  least  suggests  that  a  prima  facie  case  has  been  established  foi- 
further  investigation.  By  means  of  curves  he  illustrates  the  rise 
and  fall  of  the  number  of  flies,  the  typhoid  evidence  and  the 
rainfall.  As  Nuttall,  in  referring  to  this  paper,  says  :  "  The  curves 
given  on  pages  497  and  498  are  certainly  very  striking,  the  fly 
curve  reaching  its  acme  about  two  weeks  before  the  maximum 
number  of  cases  of  typhoid  occurred." 

All  these  facts  are  equally  applicable  to  the  conditions  in  our 
own  towns  and  cities.  Where  the  old  conservancy  methods  are 
used,  such  as  pails  and  privy  middens,  the  incidence  of  typhoid 
fever  is  greater  than  in  those  places  where  the  system  of  water 
disposal  has  been  adopted.  I  have  examined  the  annual  reports 
of  the  medical  oflicers  of  health  of  several  large  tow^ns  where  such 
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conversions  are  being  made,  and  they  show  a  falling-off  of  the 
typhoid  fever-rate  coincident  with  this  change.  In  Nottingham, 
for  example^  in  the  ten  years  1887-1896,  there  was  one  case  of 
typhoid  fever  for  every  120  houses  that  had  pail-closets,  one  case 
for  every  37  houses  with  privy  middens,  and  one  case  for  every 
558  houses  with  water-closets.  The  last  were  scattered,  and  not 
confined  to  the  prosperous  districts  of  the  town. 

Klein  (1908)  in  discussing  an  outbreak  of  typhoid  fever  at 
Wilshaw  (Eng.)  describes  what  is  a  common  occurrence  in  very 
many  outbreaks  in  towns  and  cities.  He  says  "  After  the  occur- 
rence of  a  case  of  enteric  fever  in  a  house  forming  one  of  a  row,  a 
number  of  typhoid  cases  making  their  appearance  in  the  neigh- 
bouring houses.  All  known  channels  of  transmission,  for  example, 
personal  contact,  defective  drainage,  polluted  water  or  milk,  could 
be  excluded.  The  only  condition  common  to  all  the  houses  of  the 
row  was  this — that  they  were  swarming  with  flies."  Klein  made  a 
bacteriological  examination  of  some  of  the  "  flies  "  (it  is  presumed 
they  were  Musca  domestica)  after  crushing  them  and  found  Bacillus 
coll  and  B.  typhosus. 

The  insanitary  conditions  found  in  many  of  our  towns  and 
cities  are  admirably  suited  in  every  detail  for  the  breeding  of  flies, 
the  disease-carriers  and  for  their  carriage  of  the  germs.  In  a 
previous  paper  (1908)  I  have  called  attention  to  these  facts.  It 
was  pointed  out  that :  "  wherever  there  are  collections  of  either 
excremental  products  or  decaying  and  waste  vegetable  substances 
and  food  stuffs,  house-flies  are  able  to  breed.  Consequently,  where 
such  conditions  as  the  following  exist  we  shall  almost  certainly 
find  house-flies :  heaps  of  stable-manure  and  other  excremental 
products  and  house  refuse  which  have  stood  for  more  than  eight 
or  nine  days,  the  time  occupied  by  the  development  of  the  fly ; 
such  systems  of  excremental  disposal  as  middens,  dry  ashpits  and 
pails  which  are  not  regularly  removed  within  the  same  time. 
I  find  that  public  tips  frequently  form  permanent  breeding  places 
for  flies  on  account  of  the  variety  of  substances  tipped  thereon. 
House  refuse  and  excremental  substances  should  not  be  deposited 
on  public  tips  in  the  vicinity  of  houses  but  should  be  removed 

1  "Typhoid  Fever  and  the  Pail   System  at  Nottingham,"   Lancit,  Nov.  29th, 
1902,  p.  1489. 
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immediately,  as  their  mere  presence  for  a  short  time  attracts  the 
flies  and  their  continued  presence  serves  to  multiply  the  nuisance." 
In  this  connection  I  called  attention  to  the  following  evidence 
indicating  the  relation  of  the  presence  of  flies  to  insanitary  con- 
ditions and  the  presence  of  nuisances :  "In  his  report  on  the 
sanitary  conditions  of  Wigan  ('  Reports  of  Medical  Inspectors  of 
the  Local  Government  Board  on  the  General  Sanitary  Circum- 
stances and  Administration  of  the  County  Borough  of  Wigan,  with 
especial  reference  to  Infantile  Mortality  and  to  Endemic  Prevalence 
of  Enteric  Fever  and  Diarrhoea,'  22  pp.,  1906)  Dr  Copeman  says 
(p.  18) :  '  At  the  Miry  Lane  Depot,  as  previously  mentioned,  there 
is  always  stored  (awaiting  removal  by  formers)  an  enormous  amount 
of  nightsoil  mixed  with  ashes  which  in  hot  weather  especially,  is 
not  only  exceedingly  offensive,  but  is  beset  by  myriads  of  house- 
flies.  As  the  result  of  personal  enquiry  at  the  various  houses  in 
the  neighbourhood  in  which  during  the  year  1905  deaths  from 
diarrhoea  had  occurred,  I  learnt  that  considerable  nuisance  from 
the  foul  odour  was  apt  to  be  experienced  during  the  prevalence  of 
hot  weather,  especially  with  the  wind  in  the  south  or  south-west, 
i.e.  blowing  from  the  Depot  to  the  special  area;  so  much  on 
occasion  as  to  render  it  necessary  to  shut  all  the  windows,  while 
the  inhabitants  of  certain  of  the  houses  nearest  the  Corporation 
Depot  stated  that  at  certain  times  of  the  year  their  rooms  were 
apt  to  be  invaded  by  a  veritable  plague  of  flies  tuhich  swarmed 
over  everything  of  an  edible  nature  on  the  premises.  (The  italics 
are  mine,  C.  G.  H.)  This  being  so,  it  would  not  appear  improbable 
that  these  flies,  some  of  which  have  doubtless  had  an  opportunity 
of  feeding  on  and  becoming  contaminated  with  excremental 
material  of  human  origin,  may  have  been  the  means  of  carrying 
infectious  material  to  certain  foodstuifs,  such,  more  particularly,  as 
milk  and  sugar  and  so,  indirectly,  of  bringing  about  infection  of 
the  human  subject.' " 

The  count}^  of  Durham  has  the  highest  death-rate  from  enteric 
fever  of  any  county  in  England  or  Wales.  In  discussing  a  preliminary 
report  of  an  investigation  into  the  subject  Dr  Newsholme,  Medical 
Officer  of  the  Local  Government  Board,  as  reported  in  The  Times 
(weekly  edition)  of  August  5th,  1910,  states :  "  We  come  finally 
to  the  conditions  with  which  the  excess  of  enteric  fever  in  the 
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county  of  Durham  can  in  a  large  measure  be  causally  associated. 
These  are  the  extremely  filthy  domestic  arrangements,  by  which 
excremental  matters  are  retained  in  the  immediate  vicinity  of 
dwellings."  The  account  goes  on  to  state  "  The  general  position 
as  regards  the  relation  between  conservancy  methods  and  enteric 
fever  may  be  stated  thus  :  throughout  England  and  Wales  counties 
persisting  in  the  use  of  conservancy  methods  of  dealing  with 
excremental  matters  and  not  having  adopted  the  water-carriage 
system  have  excessive  enteric  fever,  in  all  instances  in  which 
industrial  conditions  imply  considerable  aggregations  of  popula- 
tion." 

One  of  the  most  important  investigations  on  the  relation  of 
flies  to  intestinal  disease  was  that  of  Jackson  (1907).  He  in- 
vestigated the  sanitary  condition  of  New  York  Harbour  and  found 
thai;  in  many  places  sewer  outfalls  had  not  been  carried  below 
low-water  mark,  consequently  solid  matter  from  the  sewers  was 
exposed  on  the  shores,  and  that  during  the  summer  months  on 
and  near  the  majority  of  the  docks  in  the  city  a  large  amount  of 
human  excreta  was  deposited.  This  was  found  to  be  covered  with 
flies.  The  report,  considered  as  a  mere  catalogue,  is  a  most  severe 
indictment  against  the  insanitary  condition  of  this  great  water 
fi'ont.  By  means  of  spot-maps  he  shows  that  the  cases  of  typhoid 
are  thickest  near  the  points  found  to  be  most  insanitary.  He 
shows,  as  English  investigators  have  also  shown,  how  the  curves 
of  fatal  cases  correspond  with  the  temperature  curves  and  with 
the  curves  of  the  activity  and  prevalence  of  flies  which  were 
obtained  bv  actual  counts.  He  also  adduced  bacterioloQ^ical 
evidence,  and  it  is  stated  that  one  fly  was  found  to  be  carrying 
over  one  hundred  thousand  faecal  bacteria. 

An  instructive  example  of  the  part  which  flies  may  play  not 
only  in  the  carriage  of  typhoid  bacilli  to  persons  near  the  infected 
matter,  but  also,  through  the  medium  of  milk,  to  a  larger  number 
of  people,  is  communicated  by  Taylor  (Colorado  State  Board  of 
Health,  U.S.A.)  to  the  New  York  Merchants'  Association.  He 
says :  "  In  the  city  of  Denver  Ave  had  a  very  sad  as  well  as  a  plain 
demonstration  of  the  transmission  of  typhoid  fever  by  flies  and 
milk.  Early  in  August  of  this  year  the  wife  of  a  dairyman  was 
taken  with  typhoid  fever,  remaining  at  home  about  three  weeks 
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before  her  removal  to  the  hospital,  August  28th.  During  the  first 
two  weeks  in  September  we  received  reports  of  numerous  cases 
of  typhoid  fever  in  the  northern  portion  of  Denver,  and  upon 
investigation  found  that  all  these  cases  had  been  securing  their 
milk  from  this  dairy.  An  inspection  of  this  dairy  was  then  made, 
and  in  addition  to  learning  of  the  illness  of  the  dairyman's  wife, 
we  also  found  the  dairyman  himself  suffering  with  a  mild  case  of 
typhoid  fever,  but  still  up  and  delivering  milk.  The  water  supply 
of  this  dairy  was  fairly  good.  However,  we  found  that  the  stools 
of  both  the  wife  and  husband  had  been  deposited  in  an  open  privy 
vault  located  thii'ty-five  feet  from  the  milk-house,  which  was 
unscreened  and  open  to  flies.  The  gelatine  culture  exposed  for 
thirty  minutes  in  the  rear  of  the  privy  vault  and  in  the  milk- 
house  among  the  milk-cans  gave  numerous  colonies  of  typhoid 
bacilli,  as  well  as  colon  bacilli  and  the  ordinary  germ-life.  The 
source  of  infection  in  the  dair^-man's  wife's  case  is  unknown,  but 
I  am  positive  that  in  all  the  cases  that  occurred  on  this  milk  route 
the  infection  was  due  to  bacilli  carried  from  this  vault  by  flies  and 
deposited  upon  the  milk-cans,  separator  and  utensils  in  the  milk- 
house,  thereby  contaminating  the  milk.  The  dairyman  supplied 
milk  to  143  customers.  Fifty-five  cases  of  typhoid  fever  occurred, 
and  six  deaths  resulted  therefrom ^" 

Washburn  (1910)  has  shown  how  insanitary  conditions  in 
localities  where  little  attention  is  paid  to  the  prevention  of  health 
render  easy  the  infection  of  food  by  flies  and  the  dissemination  of 
the  typhoid  bacillus.  In  the  report  of  an  investigation  into  the 
prevalence  of  typhoid  fever  at  Charlestown,  West  Virginia,  U.S.A., 
Ridlon  (1911),  in  discussing  the  epidemiological  fixctors,  states: 
"The  most  probable  source  of  infection  in  five  cases  was  from 
flies.  These  cases  were  located  within  two  hundred  feet  or  less 
of  other  cases  where  the  disinfection  of  the  stools  was  inefficient, 
where  there  were  no  screens  and  where  the  abundant  flies  had  free 
access  to  both  dejecta  of  patients  and  the  food."  He  continues : 
"  That  flies  under  the  proper  conditions  can  be  a  prominent  factor 
in  the  spread  of  infection  is  an  undisputed  fact,  as  is  also  the  fact 
that  their  prevalence  can  be  greatly  diminished  by  proper  care  of 

^  Tlie  House-fiy  at  the  Bar,  Indictment  Guilty  or  not  Guilty  ?     The  Merchants' 
Association  of  New  York,  April,  1909,  p.  48. 
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their  breeding  places,  including  stable-manure,  household  refuse 
and  garbage." 

An  outbreak  of  typhoid  fever,  which  was  recently  reported  upon 
(October  1912)  by  Drs  Amyot  and  McClenahan,  occurred  in  the 
Insane  Asylum  at  Hamilton  (Ontario,  Canada).  Since  July  1912 
there  had  been  fourteen  undoubted  cases  with  two  deaths.  The 
investigation  shoAved  that  the  flies  had  been  the  responsible  agents, 
carrying  the  infection  from  unscreened  lavatories  to  the  patients. 
Tlje  manure  piles  in  the  stables  had  been  left  exposed. 

Terry  (1913)  describes  the  very  great  reduction  in  the  typhoid 
death-rate  in  Jacksonville,  U.S.A.,  which  followed  the  control  of 
the  fly-borne  typhoid  by  compulsory  rendering  of  privies  fly-proof. 

The  dissemination  of  Typhoid  Fever,  Bacterio- 
logical Evidence. 

The  bacteriological  evidence,  the  result  of  exact  experiments, 
indicates  conclusively  the  ability  of  flies  to  carry  the  typhoid 
bacillus  in  a  viable  condition,  not  only  internally  but  also 
externally. 

A  non-spore-bearing  bacillus  such  as  B.  typhosus  is  less  adapted 
to  external  transference  than  a  spore-bearing  bacillus.  It  is  never- 
theless interesting  to  note  the  length  of  time  which  elapses  before 
B.  typhosus  is  moribund.  Howard  (1911)  states  that  Dr  Mohles 
informs  him  that  B.  typhosus  will  live  in  butter  under  common 
market  conditions  for  151  days  and  still  be  able  to  grow  when 
transferred  to  suitable  conditions.  In  milk  kept  under  market 
conditions  they  retain  active  mobility  for  twenty  days ;  after  this 
they  lessen  in  numbers  and  finally  disappear  in  the  forty-third 
day.  An  important  fact  is  that  observed  by  Delepine,  namely, 
that  B.  typhosus  can  remain  in  a  viable  condition  on  the  walls  of 
a  privy  for  twelve  months.  The  bearing  which  this  fact  has  on 
the  possibility  of  flies  becoming  infected  subsequent  to  an-  epidemic 
of  typhoid  fever  Avill  be  readily  understood. 

In  order  to  form  a  correct  estimate  of  the  extent  to  which  and 
the  manner  in  which  flies  distribute  pathogenic  and  other  bacteria, 
a  study  of  the  natural  bacterial  flora  of  the  digestive  tract  of  the 
house-fly  would  appear  to  be  desirable,  if  not  essential.      Until 
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recently  little  attention  has  been  paid  to  this  matter.  Nicoll 
(1911)  has  begun  such  a  study  with  interesting  results.  He  finds 
that  the  house-Hy  may  carry  at  least  twenty-seven  varieties  of 
Bacillus  coll,  by  far  the  most  frequent  of  which  are  B.  coli  com- 
mune and  MacConkey's  bacillus  No.  71.  From  the  character  of 
these  colon  bacilli  it  would  appear  that  the  house-fly  derives  its 
bacterial  flora  from  excremental  matter  and  other  sources.  The 
presence  of  colon  bacilli  in  the  digestive  tract  of  the  fly  is  only  to 
be  expected  from  the  filthy  feeding-habits  of  the  insect;  in  fact, 
the  absence  of  these  bacilli  would  be  more  than  remarkable. 
Nicoll  also  finds  that  certain  non-lactose  fermenting  bacilli  appear 
to  be  capable  of  multiplying  in  the  intestine  of  the  fly.  Of  these 
Morgan's  bacillus  No.  1  is  not  an  infrequent  inhabitant  of  the  fly's 
intestine  and  B.  2)Cirati/p}iosHs  B.  has  been  found  on  two  occasions. 
Graham-Smith  (1909)  has  also  examined  flies  captured  in 
various  places  Avith  a  view  to  ascertaining  w^hat  percentage  were 
infected  with  bacilli  of  the  colon  group.  The  results  of  his 
examinations  of  flies  from  the  diiferent  sources  was  as  follows : 
from  the  neighbourhood  of  decaying  animal  matter,  Cambridge, 
28  flies  were  examined  and  54*5  per  cent,  were  infected ;  from 
a  railway-siding,  Islington,  48  flies  were  examined  and  25  per  cent, 
were  infected  ;  from  a  room  used  by  men  at  a  gas-works,  24  flies 
were  examined  and  16"6  per  cent,  were  infected;  from  a  house 
near  a  glue  works,  26  flies  were  examined  and  15  per  cent,  were 
infected ;  from  the  kitchen  of  a  London  County  School,  18  flies 
w^ere  examined  and  22'2  per  cent,  were  infected  ;  from  a  house 
about  fifty  yards  distant  from  a  jam  factory,  Bermondsey,  40  flies 
were  examined  and  10  per  cent,  were  infected.  The  flies  which 
were  examined  were  M.  domestica,  Fannia  canicidaris,  Calliphora 
ej^ythrocephala  and  G.  vomitoria,  Stomoxys  calcit7^ans  and  a  few 
other  small  flies.  Cultures  were  made  of  both  the  intestines  and 
of  the  surfaces  of  the  flies'  bodies.  Altogether  35  lactose- 
fermenting  organisms  of  the  colon  group  were  isolated,  22  from 
surface  cultures  and  13  from  the  intestines.  Although  the 
numbers  were  comparatively  small,  the  experiments  indicated 
that  the  flies  were  infected  with  bacilli  of  the  colon  group  in 
proportion  to  the  opportunities  offered  by  the  locality  they  were 
frequenting.     The  highest  degree  of  infection  was  found  on  those 
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flies  frequenting  decaying  animal  matter  and  the  next  highest  on 
those  caught  near  manure. 

Torrey  (1912),  in  the  United  States,  has  also  made  a  study  of 
the  numbers  and  types  of  bacteria  carried  by  flies  under  city  con- 
ditions. Flies  examined  up  to  the  latter  part  of  June  were  found 
to  be  free  from  faecal  bacteria  and  carried  a  homogeneous  flora  of 
coccal  forms.  During  July  and  August  there  occurred  periods  in 
which  the  flies  examined  carried  several  millions  of  bacteria, 
alternating  with  periods  in  which  the  number  of  bacteria  was 
reduced  to  hundreds.  The  scanty  flora,  he  considered,  probably 
indicated  the  advent  of  large  numbers  of  recently-emerged  flies. 
Faecal  bacteria  of  the  colon  type  were  first  encountered  in  abund- 
ance during  the  early  part  of  July.  The  bacteria  in  the  intestines 
of  the  fly  were  8'6  times  as  numerous  as  those  occurring  on  the 
external  surface  of  the  insects ;  an  important  fact  to  note.  On 
the  surface  of  the  flies  bacteria  of  the  colon  group  constituted 
13'1  per  cent,  of  the  total  and  within  the  intestine  they  constituted 
37 "5  per  cent,  of  the  total.  Of  the  lactose-fermenting  bacteria 
which  were  i.solated  and  identified  79"5  per  cent,  belonged  to  the 
colon-aerogenes  group  and  20"5  per  cent,  belonged  to  the  acidi- 
lactici  group.  Fifteen  cultures  of  Sti'eptococci,  isolated  and  identi- 
fied, were  distributed  among  the  equinus,  faecalis  and  salivariiis 
groups.  He  found  none  of  the  pyogenes  type.  The  most  im- 
portant isolations  were  three  cultures  of  Bacillus  paratyphosus, 
Type  A.  Bacteria  of  the  paracolon  type,  causing  a  final  intense 
alkaline  reaction  in  litmus  milk  and  fermenting  only  certain  mono- 
saccharides, were  frequently  found  during  August. 

Further  references  to  studies  of  this  nature  are  given  in  a  later 
section  (p.  288).  The  foregoing  experiments,  apart  from  the  indi- 
cations which  they  give  as  to  the  nature  of  the  flora  of  what  one 
might  call  a  normal  fly,  demonstrate  how  necessary  it  is  to  exercise 
great  caution  in  making  deductions  from  the  results  of  isolated 
examinations  and  cultures  of  flies  both  externally  and  internally. 

Reference  has  already  been  made  to  the  fact  that  Jackson  gave 
bacteriological  evidence  as  to  the  ability  of  house-flies  to  carry 
B.  typ)hosus.  There  are,  however,  a  number  of  workers  who  have 
carried  out  experiments  along  bacteriological  lines  and  their  results 
will  be  given. 
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Celli  (1888)  recovered  Bacillus  typhi  abclominalis  fi-om  the 
dejections  of  flies  which  had  been  fed  on  cultures  of  the  same, 
and  he  was  able  to  prove  that  they  passed  through  the  ali- 
mentary tract  in  a  virulent  state  by  subse(iuent  inoculation 
experiments. 

Firth  and  Horrocks  (1902),  in  their  experiments,  took  a  small 
dish  containing  a  rich  emulsion  in  sugar  made  from  a  twenty-four- 


FiG.  97.  Agar-agar  slope  culture  of  bacteria  and  moulds  deposited  by  M.  domentica 
caught  in  the  author's  laboratoiy  (.Jan.  1910)  and  allowed  to  make  a  single 
journey  over  the  culture  medium. 

hour  agar  slope  of  Bacillus  typhosus  recently  obtained  from  an 
enteric  stool  and  rubbed  Tip  with  fine  soil.  This  was  introduced 
with  some  infected  honey  into  a  cage  of  flies  together  with  sterile 
litmus  agar  plates  and  dishes  containing  sterile  broth,  which  were 
placed  at  a  short  distance  from  the  infected  soil  and  honey.  Flies 
were  seen  to  settle  on  the  infected  matter  and  on  the  agar  and 
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broth.  The  agar  plates  and  broth  were  removed  after  a  few  days, 
and  after  incubation  at  37°  C.  for  twenty-four  hours  colonies  of 
Bacillus  typhosus  were  found  on  the  agar  plates,  and  the  bacillus 
was  recovered  from  the  broth.  In  a  further  experiment  the  in- 
fected material  was  dusted  over  with  fine  earth  to  represent 
superficially  buried  dejecta,  and  the  bacillus  was  isolated  from  agar 


Fig.  98.  Agar  plate  culture  of  tracks  ot  .1/.  ilumestica  caught  in  a  room  and  allowed 
to  walk  across  and  around  the  medium.  Natural  size.  (Prepared  by  H.  T. 
Giissow.) 

plates  upon  which  the  flies  had  subsequently  walked,  as  in  the 
former  experiment.  They  also  found  the  bacillus  on  the  heads, 
wings,  legs  and  bodies  of  flies  which  had  been  allowed  to  have 
access  to  infected  material. 

Hamilton   (1903)  recovered    Bacillus   typhosus  five    times    in 
eighteen  experiments  from  flies  caught  in  two  imdrained  privies. 
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on  the  fences  of  two  yards,  on  the  walls  of  two  houses,  and  in  the 
room  of  an  enteric  fever  patient. 

Ficker  (1903)  found  that  when  flies  were  fed  upon  typh(jid 
cultures  they  could  contaminate  objects  upon  which  they  rested. 
The  typhoid  bacilli  were  present  in  the  head  and  on  the  wings  and 
legs  of  the  fly  five  days  after  feeding.  He  also  recovered  B.  ty- 
jjIiosuh  from  the  flies  23  days  after  they  had  been  infected.  The 
bacillus  was  isolated  from  flies  caught  in  a  house  in  Leipzig,  where 
eight  cases  of  typhoid  had  occurred.  He  calls  attention  to  the 
fact  that  the  value  of  Celli's  conclusions  is  diminished  owing  to 
the  fact  that  at  the  time  the  experiments  were  carried  out  the 
differentiation  between  B.  typhosus  and  organisms  of  a  similar 
character  was  hardly  possible. 

Buchanan  (1907)  was  unable  to  recover  the  bacilli  from  flies 
taken  from  the  enteric  ward  of  the  Glasgow  Fever  Hospital. 
Flies  were  allowed  to  walk  over  a  film  of  typhoid  stool  and  then 
transferred  to  the  medium  (Griinbaum  and  Hume's  modification  of 
MacConkey's  medium),  and  subsequently  allowed  to  walk  over 
a  second  and  a  third  film  of  medium.  Few  typhoid  bacilli  were 
recovered  and  none  from  the  second  and  third  films. 

Sangree  (1899)  performed  somewhat  similar  experiments  to 
those  of  Buchanan  and  recovered  various  bacilli  in  the  tracks  of 
the  flies.  This  method  of  transferring  the  flies  immediately  from 
the  infected  material  to  the  culture  plate  is  not  very  satisfactory, 
as  I  have  already  pointed  out  (1908),  as  it  would  be  necessary  for 
the  flies  to  be  very  peculiarly  constructed  not  to  carry  the  bacilli. 
The  fly  should  be  allowed  some  freedom  before  it  has  access  to  the 
medium  to  simulate  natural  conditions.  Experiments  of  this  kind 
were  carried  out  in  the  summer  of  1907  by  Dr  M.  B.  Arnold 
(Superintendent  of  the  Manchester  Fever  Hospital)  and  myself 
Flies  were  allowed  to  walk  over  a  film  of  typhoid  stool  and 
then  were  transferred  to  a  wire  cage,  where  they  remained  for 
twenty-four  hours  with  the  opportunity  of  cleaning  them- 
selves, after  which  they  were  allowed  to  walk  over  the  films  of 
media.  Although  we  were  unable  to  recover  B.  typhosus  the 
presence  of  B.  coli  was  demonstrated.  B.  coli  was  also  obtained 
from  flies  caught  on  a  public  tip  upon  which  the  contents  of 
pail-closets  had  been  emptied ;  the  presence  of  B.  coli,  however, 
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may  not  necessarily  indicate  recent  contamination  with  human 
excrement. 

Aldridge  (1907)  isolated  a  bacillus,  apparently  belonging  to  the 
paratyphoid  group,  from  flies  caught  in  a  barrack  latrine  in  India 
during  an  outbreak  of  enteric  fever.  In  appearance  and  behaviour 
to  tests  it  Avas  very  similar  to  B.  typhosus. 

A  series  of  careful  experiments  were  made  by  Sellars^  in  con- 
nection with  Niven's  investigations  on  the  relation  of  flies  to 
infantile  diarrhoea.  Out  of  thirty-one  batches  of  house-flies  care- 
fully collected  in  sterilised  traps  in  several  thickly  populated 
districts  in  Manchester  he  found,  as  a  result  of  cultural  and  inocu- 
latory  experiments,  that  bacteria  having  microscopical  and  cultural 
characters  resembling  those  of  the  Bacillus  coli  group  were  present 
in  four  instances,  but  they  did  not  belong  to  the  same  kind  or 
variety. 

In  a  report  of  investigations  carried  out  at  the  Central  Research 
Institute  of  India  by  Thomson  (1912),  the  following  conclusions 
are  given  :  "  The  ingestion  of  typhoid  germs  in  large  numbers  has 
no  bad  effect  on  the  health  of  the  flies;  they  can  retain  living 
typhoid  bacilli  within  their  bodies  and  transmit  infection  thereby 
for  a  period  of  twenty-four  hours  after  ingestion ;  the}'  can  carry 
the  living  germs  on  the  exterior  of  their  feet  or  bodies  for  a  period 
of  six  hours,  and  so  transmit  infection." 

Graham-Smith  (1910)  carried  on  infection  experiments  with 
B.  typhosus.  Flies  were  fed  on  syrup  infected  with  this  bacillus 
and  afterwards  on  plain  syrup.  Sixteen  hours  after  the  removal 
of  the  infected  syrup  cultures  on  Drigalski-Conradi  medium  were 
made  of  the  intestinal  contents  of  five  flies ;  eight  flies  were 
allowed  to  walk  on  culture  plates  and  plates  were  also  sown  with 
emulsified  faeces.  B.  typhosus  was  recovered  in  all  cases.  This 
experiment  was  repeated  with  flies,  two  days,  three  days,  and  daily 
to  six  days  after  infection.  The  results  showed  that  B.  typhosus 
may  remain  alive  in  the  intestinal  canal  for  at  least  six  days  and 
that  flies  may  infect  plates  upon  which  they  walk  for  at  least 
forty-eight  hours  after  infection. 

A  typical  instance  of   a  small   epidemic   of  typhoid  fever  is 

1  Recorded   in  the  Report  on  the  Health  of  the  City  of  Manchester,  1906,  by 
James  Niven,  pp.  86 — 96. 
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reported  by  Cochrane  (1912).  This  occurred  at  St  George's, 
Bermuda,  and  flies  were  considered  to  be  the  probable  carriers. 
There  were  eight  cases  of  fever;  three  of  these  were  in  soldiers 
and  the  five  civilian  cases  were  in  three  families.  Two  of  the 
three  soldiers  were  employed  in  two  of  the  families.  A  fatal  case 
of  typhoid  had  occun-ed  at  a  house  300  yards  from  the  house 
where  the  first  case  occurred  in  September  of  the  previous  year ; 
three  cases  occurred  in  April  and  May.  A  dry  earth  latrine  was 
used  where  the  fatal  cases  of  typhoid  occurred.  A  fly  was  caught 
near  this  latrine.  It  was  put  into  5  c.c.  of  sterile  salt  solution  for 
a  minute  and  cultures  made.  The  fly  was  emulsified  and  other 
cultures  made.  Bacillus  typhosus  was  isolated  from  the  washings. 
The  house  and  the  latrine  were  cleaned  and  disinfected  and  no 
further  cases  have  occurred  in  the  vicinity  since. 


CHAPTER   XXII 

THE   RELATION    OF   FLIES   TO   SUMMER    DIARRHOEA 

OF   INFANTS 

The  conclusive  nature  of  the  evidence  that  the  house-fly  is  an 
important  factor  in  the  spread  of  typhoid  fever  naturally  directed 
the  attention  of  medical  men  and  investigators  to  the  possibility 
of  their  being  concerned  in  the  dissemination  of  this  serious  intes- 
tinal complaint  of  infants.  Niven  (1910)  defines  summer  or 
epidemic  diarrhoea  as  being  "  a  term  applied  to  an  affection 
marked  by  a  somewhat  definite  group  of  symptoms,  in  which 
vomiting  sickness,  copious  diarrhoea,  rice-watery  and  green  stools, 
and  finally  convulsions  play  a  conspicuous  part.  This  condition 
is  not  rarely  somewhat  prolonged,  and  is  often  attended  with 
some  degi'ee  of  fever.  On  the  one  hand  it  shades  into  typhoid 
and  paratyphoid  fevers,  and  on  the  other  it  is  not  rarely  the  termi- 
nation of  a  tuberculous  enteritis  or  some  wasting  affection."  This 
disease  is  responsible  for  an  enormous  mortality  among  infants 
under  two  years  of  age,  and  in  fact  accounts  for  more  deaths  than 
any  other  disease. 

In  referring  to  epidemic  diarrhoea  in  Portsmouth,  Fraser  (1902), 
cited  by  Nuttall  and  Jepson,  states  that  "  on  visiting  the  houses 
in  question  I  find  that  in  all,  almost  without  exception,  the  occu- 
pants have  suffered  from  a  perfect  plague  of  flies.  They  told  me 
every  article  of  food  is  covered  at  once  with  flies.... I  repeat  that 
to  this,  and  this  alone,  I  attribute  the  diarrhoea  in  the  Goldsmith 
Avenue  district." 

Nash  was  one  of  the  first  medical  observers  to  call  attention 
(in  1902)  to  the  remarkable  coincidence  between  the  abundance  of 
flies  and  the  prevalence  of  this  serious  infantile  disease.     In  the 
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years  1902  and  1903  the  summers  were  wet  and  therefore  un- 
favourable to  the  breeding  and  activity  of  M.  domestica,  and  in 
these  years  the  diarrhoeal  diseases  were  less  prevalent  and  the 
infantile  mortality  rate  was  considerably  below  the  average.  He 
suggested  (1903),  in  a  paper  read  before  the  Epidemiological 
Society  of  London  in  January,  1903,  that  flies  carried  the  infective 
material  from  all  kinds  of  filth  to  the  food  supplies  and  were  re- 
sponsible for  the  spread  of  this  disease  and  supported  his  contention 
with  a  further  instance,  namely,  that  "  in  the  early  part  of  Sep- 
tember, 1902,  flies  became  prevalent,  and  co-incidentally  diarrhoea, 
which  had  hitherto  been  conspicuous  by  its  absence,  caused 
thirteen  deaths  in  Southend.  Then  came  a  spell  of  cold  weather ; 
the  flies  rapidly  diminished  in  number,  and  no  further  deaths  from 
diarrhoea  were  recorded  "  (1905).  In  1904,  by  means  of  a  "  spot 
map  "  he  found  that  the  great  majority  of  deaths  from  diarrhoea 
occurred  in  the  proximity  of  brick  fields  in  which  were  daily 
deposited  some  thirty  tons  of  house  refuse,  an  admirable  breeding 
place  for  this  insect.  He  has  shown  the  actual  danger  which  exists 
in  flies  carrying  bacterial  organisms  to  milk  as  many  other  in- 
vestigators have  shown,  and  the  danger  resulting  from  the  co- 
incident occurrence  of  uncovered  milk  and  infected  flies  is  too 
obvious  to  need  emphasis. 

Newsholme  (1903)  discussed  the  possibility  of  food  infection 
by  flies  in  the  houses  of  the  poor.  He  states :  "  The  sugar  used 
in  sweetening  the  milk  is  often  black  with  flies  which  may  have 
come  from  a  neighbouring  dustbin  or  manure  heap,  or  from  the 
liquid  stools  of  a  diarrhoeal  patient  in  a  neighbouring  house. 
Flies  have  to  be  picked  out  of  the  half-empty  can  of  condensed 
milk  before  its  remaining  contents  can  be  used  for  the  next  meal." 
The  observations  of  Copeman  (p.  241)  have  already  been  mentioned 
and  similar  instances  of  the  relation  between  flies  and  the  incidence 
of  summer  diaiThoea  have  been  referred  to  by  Snell  (1906)  and 
other  medical  oflicers  of  health  in  their  reports.  Sandilands 
(1906)  states  that  there  are  "good  grounds  for  the  supposition 
that  in  this  disease,  which  in  some  respects  is  analogous  to  typhoid 
fever  and  cholera,  flies  may  be  carrying  agents  of  the  first  im- 
portance." He  observes  that  the  meteorological  conditions  which 
influence  the  prevalence  of  diarrhoea  exercise  a  precisely  similar 
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effect  upon  the  prevalence  of  flies.  He  states:  "The  immunity 
of  well-to-do  infants  may  be  explained,  partly  by  the  distance  that 
separates  the  sick  from  the  healthy,  and  partly  by  the  small 
number  of  flies  in  their  neighbourhood.  In  poor  districts  six  or 
seven  babies  may  occupy  the  tenements  of  one  house  with  a 
common  yard  where  flies  congregate  and  flit  in  and  out  of  the 
open  windows,  themselves  conveying  infected  excrement  to  the 
milk  of  healthy  infants,  or  depositing  the  excrement  in  the  dustbin, 
whence  it  may  again  be  conveyed  into  the  house  by  other  flies. 
Calm  weather  promotes  dian-hoea  and  high  winds  are  unfavourable 
to  the  spread  of  diarrhoea  and  to  the  active  migration  of  flies 
alike.  Loose  soil  and  fissured  rock,  containing  organic  filth  in  its 
crevices,  favour  the  spread  of  diarrhoea  and  the  breeding  of  flies, 
whilst  solid  rock  is  unfavourable  to  both."  Ainsworth  (1909) 
studied  the  relation  of  flies  to  infantile  dian-hoea  in  Poena  and 
Kirkee,  India,  and  by  means  of  a  yearly  curve  illustrates  the 
relation,  which,  as  in  the  case  of  similar  curves  constructed  from 
English  statistics,  affords,  or  would  appear  to  afford  according  to 
the  critics,  evidence  of  a  close  relationship  between  flies  and 
summer  diarrhoea. 

The  most  exhaustive  epidemiological  study  of  the  relation  of 
flies  to  this  disease  has  been  made  by  Niven  (1910)  in  Manchester. 
He  commenced  to  make  observations  in  1903,  and  from  1904  sys- 
tematic captures  of  flies  were  made  at  selected  stations.  After 
a  consideration  of  the  various  factors  which  have  been  studied  in 
relation  to  summer  diarrhoea  such  as  soil,  temperature,  etc.,  he 
states :  "  What  we  require  for  the  explanation  of  the  facts  of 
summer  diarrhoea  is  the  presence  of  some  transmitting  agent 
rising  and  falling  with  the  rise  and  fall  of  diarrhoea,  the  features 
pertaining  to  which  must  correspond  and  explain  the  features  of 
the  annual  wave  of  diarrhoea.  None  of  the  facts  of  which  we 
have  cognizance  do  afford  such  an  explanation,  and  we  come  by 
exclusion  to  consider  the  house-fly.  The  process  of  conveyance  is 
not  striking  and  arresting  as  it  is  in  military  camps  abroad ;  nor 
does  the  number  of  flies  usually  approach  that  observed  in  tropical 
and  sub-tropical  countries.  We  are,  therefore,  obliged  to  attack 
the  question  de  novo,  and  examine  such  evidence  as  we  possess  to 
see  whether  we  may  rest  reasonably  confident  that  in  flies  we  have 
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found  the  transmitting  agent  sought  for.  If  the  house-fly  is  the 
transmitting  agent  in  summer  diarrhoea,  the  following  conditions 
should  be  fulfilled  : — 

"(1)  («)  There  should  be  evidence  that  the  house-fly  carries 
bacteria  under  the  ordinary  summer  conditions ;  (b)  house-flies 
should  be  present  in  suflicient  numbers  in  houses  invaded  by  fatal 
diarrhoea. 

"  (2)  There  should  be  a  close  correspondence  between  the 
aggregate  number  of  house-flies  in  houses  and  the  aggi^egate 
number  of  deaths  from  diarrhoea  week  by  week. 

"(3)  The  life-history  of  the  house-fly  should  explain  any 
discrepancy  between  the  observed  number  of  flies  and  the  observed 
number  of  deaths. 

"  (4)  The  minority  of  breast-fed  children  not  apparently 
accessible  to  infection  should  receive  explanation. 

"(5)  There  should  be  a  closer  correspondence  of  diarrhoeal 
fatality  with  the  number  of  flies  than  with  any  other  varying 
seasonal  fact. 

"  (6)  Any  other  closely-corresponding  seasonal  fact  should  be 
capable  of  interpretation  in  terms  of  the  number  of  house-flies. 

"(7)  Any  variation  ft-om  district  to  district  in  the  annual 
curve  of  deaths  should  be  accompanied  by  a  similar  variation  in 
the  curve  of  flies. 

"(8)  It  will  be  at  once  manifest  when  we  come  to  enteric 
fever  that  the  house-fly  plays  but  a  minor  direct  part  in  the 
production  of  the  annual  wave.  Such  part,  however,  should  have 
reference  to  the  number  of  flies  and  of  pre-existing  centres  of 
infection.  If  it  can  be  shown  that  that  portion  of  the  enteric 
wave  which  is  connected  with  flies  changes  from  one  period  of 
time  to  another  in  such  a  manner  as  to  be  explainable  in  terms  of 
flies,  but  not  of  meteorological  conditions,  the  evidence  in  favour 
of  flies  will  be  greatly  strengthened. 

"  (9)  No  other  available  hypothesis  must  be  capable  of 
explaining  the  course  of  summer  diarrhoea." 

For  the  purposes  of  this  study  daily  counts  of  the  flies  cap- 
tured at  the  different  observation   stations  which  were   selected 
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were  made  from  July  (in  one  year  from  the  end  of  May)  until 
November  during  the  years  1904,  1905,  1906,  1908  and  1909. 
The  complete  data  obtained  are  given ;  these  include  for  each 
week  the  number  of  flies  captured,  the  number  of  deaths  from 
diarrhoea,  the  number  of  fital  cases  commencing,  mean  tempera- 
ture   in    the    shade,   rainfall    in    inches,    and    the    underground 
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Fig.  99.  Chart  illustrating  the  relation  of  the  numerical  abundance  of  house-flies 
to  summer  diarrhoea  in  the  city  of  Manchester  in  1904.  Prepared  from 
statistics  and  chart  given  by  Niven. 

temperatures  at  1  foot  and  4  feet  respectively.  From  these  data 
charts  are  constructed.  I  have  prepared  Figs.  99  and  100  from  the 
statistics  and  chart  given  for  the  years  1904  and  1909.  Although 
in  Fig.  99  the  temperature  curve  has  been  omitted,  it  may  be 
pointed   out  that   in  Niven 's   charts    there  is   no  direct   relation 
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between  the  curves  of  temperature  or  rainfall  and  thofee  of  flies  or 
deaths  from  diarrhoea.  In  addition  he  points  out  the  manner  in 
which  the  curve  of  fatal  cases  or  deaths  falls  away  from  the  curve 
of  flies  in  the  middle  of  the  decline. 

In  pointing  out  the  intimate  correspondence  of  the  curves  of 
the  cases  and  deaths  to   the  number  of  flies  captured  week  by 
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Fig.  100.  Chart  illustrating  the  relation  of  the  numerical  abundance  of  house-flies 
to  summer  dian-hoea  in  the  city  of  Manchester  in  1909.  Prepared  from  the 
statistics  given  by  Niven. 

week,  Niven  states :  "  The  number  of  cases  begins  to  increase  until 
the  flies  captured  attain  a  maximum.  The  maximum  number  of 
cases  commencing  in  the  years  1904  and  1905  is  in  the  same  week 
as  the  maximum  number  of  flies.  The  figures  for  the  deaths  are 
still  more  striking.  The  shape  of  the  curves  at  an  interval  of 
a  week  to  a  fortnight  near  the  maximum  point  is  practically 
identical  in  the  two.  The  errors  of  the  curves  will  be  subjected 
to   examination   afterwards.     But,  even  with   their  manifest  and 
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necessary  defects,  they  show  a  degree  of  correspondence  which 
creates  a  high  degree  of  probability  that  flies  are  the  transmitting 
agents  in  summer  diarrhoea.  In  all  the  curves  it  will  be  seen  that 
deaths  diminish  more  rapidly  than  do  flies  in  the  middle  part  of  the 
decline.  For  this  there  are  two  causes.  In  years  of  high  diarrhoea 
incidence  the  more  susceptible  and  exposed  infants  have  been 
killed  off  or  rendered  immune.  In  every  year  towards  the  close 
of  the  fly  season  the  flies  are  attacked  by  Empusa  muscae,  and  are 
hindered  by  cold  from  leaving  the  house,  so  that  they  cease  to  act 
as  transmitting  agents." 

For  a  full  discussion  of  the  careful  observations  made  by  Niven 
in  his  exhaustive  study  of  the  epidemiology  of  this  disease  in 
Manchester,  the   reader   is    referred   to    the    original   paper.      In 
summarising  the  results  of  his  analysis  Niven  states,  after  de- 
claring  that    summer  diarrhoea   is    an   infectious    illness :    "  The 
health    of  infants    prior    to   attack — in    other   words,    the    social 
condition — has  much  to  do  with  the  fatality.     The  summer  wave 
is  not  due  to  dust,  nor  is  it  conditioned  by  any  growth  of  bacteria 
in  or  on  the  soil.     There  is  nothing  to  support  the  view  that  the 
infective    organisms    are    of   animal    origin,   and    the    connection 
between    privy    middens    and    diarrhoea   goes    far    to    prove    the 
contrary.     The  disease  becomes  more  fatal  only  after  house-flies 
have  been  prevalent  for  some  time,  and  its  fatality  rises  as  their 
numbers  increase  and  falls  as  they  fall.     The  correspondence  of 
diarrhoeal  fatality  is  closer  with  the  number  of  flies  in  circulation 
than  with  any  other  fact.     The  next  closest  connection  is  with 
the  readings  of  the  four-foot  thermometer,  with  which,  however, 
diarrhoeal  fatality  can  have  no  direct  relation.      Flies  and  the 
readings  of  the  four-foot  thermometer  are  both  functions  of  air 
and  surface  temperatures  and  of  rainfall.      Certain  facts  in  the 
life-history  of  the  fly  throw  light  on  discrepancies  arising  in  the 
decline  of  flies  and  cases.     The  close  correspondence  between  flies 
and  cases  of  fatal  diarrhoea  receives  a  general  support  from  the 
diarrhoea   history   of  sanitary   sub-divisions    of  the    Manchester 
district.     The  few  facts  available  for  the  study  of  the  correspond- 
ence of  flies  and  fatal  cases  in  different  sub-divisions,  in  the  course 
of   the   same  year,  also   lend  support  to    this   view.      No    other 
explanation  even  approximately  fits  the  case." 
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In  the   investigation  which  Hamer  (1908,  1909)  carried  out 
in   London   with   a  view  to  determining  the  rektionship  which 
the  presence  of  accumulations  of  refuse  and  offensive  matter  bears 
to  the  fly  nuisance,  opportunity  was  afforded,  and  wisely  taken 
advantage  of,  to  study  the  question  of  the  possible  relationship 
of  flies  to  summer  diarrhoea.     Hamer  indicates  what  appears  to 
him  to  be  a  difficulty  in  the  way  of  accepting  this  theory.     He 
states  :  "  It  should  be  pointed  out  that  there  are  certain  difficulties 
in  the  way  of  accepting  the  thesis  that  the  correspondence  exhibited 
in  the  curves  (he  refers  to  the  fly  curve  and  diarrhoea  curve)  affords 
reason  for  concluding  that  flies  and  summer  diarrhoea  stand  to  one 
another  in  relation  of  cause  and  effect.     At  the  commencement  of 
the  hot  summer  weeks,  when  the  number  of  flies  has  begun  to 
show  marked  increase,  the  diarrhoea  curve  is  rapidly  rising.    After 
some  weeks  the  number  of  flies  reaches  the  maximum,  and  then 
diminishes,  and  so,  in  almost  precise   correspondence,  does   the 
amount  of  diarrhoea.     A  period  is  later  reached,  towards  the  close 
of  the  hot  weeks,  at  which  the  number  of  flies  is  still  as  markedly 
excessive  as  at  the  earlier  period  when  the  amount  of  diarrhoea 
was  increasing,  but  at  the  later  period  the  amount  of  diarrhoea  is 
declining;  it  even  anticipates  decline  in  the  number  of  flies.     If 
the  fly  is  to  be  regarded  as  the  carrier  of  the  organism  which 
causes  diarrhoea,  it  might  perhaps  have  been  anticipated  that  at 
the  later  period — the  number  of  flies  still  being  excessive  and 
infective  material  being  then  presumably  more  widely  distributed 
than  ever  before — the  amount  of  diarrhoea,  instead  of  showing  early 
and  rapid  decline,   would   still   be   increasing.      It   would  almost 
appear  that  the  advocate  of  the  '  fly-borne  diarrhoea  hypothesis ' 
must   necessarily   fall  back   in   support   of  his   theory   upon    the 
hypothetical  organism,  conveyed  by  the  fly,  which  he  may  claim 
is   affected  by  temperature    in    such    a  way   as    to  bring   about 
correspondence  between  the  diarrhoea  curve  and   the  fly  curve. 
The    very   closeness    of  the    correspondence    between    these    two 
curves   may  indeed  from    this  point  of  view  be    thought   of  as 
constituting  a  difficulty   rather  than   a  point    in   favour   of  the 
hypothesis  that  summer  diarrhoea  is  caused  by  flies." 

Against  Niven's  suggestion  that  one  of  the  explanations  of 
the  decline  of  the  diarrhoeal  curve  while  the  number  of  flies  still 
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remains  excessive  Hamer  brings  forward  two  considerations  :  first, 
that  the  comparatively  early  fall  in  the  amount  of  diarrhoea  is 
observed  in  years  of  very  low  mortality  as  well  as  in  years  of 
excessively  high  mortality  in  which  such  an  explanation  might 
hold  good.  Secondly,  the  hypothesis  does  not  adequately  account 
for  the  almost  identically  similar  behaviour  of  the  two  curves  both 
in  their  ascent  and  descent.  The  close  correspondence  between  the 
curves,  Hamer  believes,  accords  better  with  the  view  that  both 
are  dependent  upon  variations  of  temperature  than  with  the 
hypothesis  that  diarrhoea  stands  in  direct  causal  relation  to  fly 
prevalence.  In  his  last  report  and  in  the  light  of  three  years' 
records  (1907 — 1909)  Hamer  is  still  unconvinced  that  the  evidence 
available  can  be  considered  to  support  a  causal  relation  between 
summer  diarrhoea  and  flies  and  a  critical  attitude  is  still  main- 
tained. 

In  regard  to  Hamer's  chief  criticism,  namely,  that  while  the 
number  of  flies  is  still  excessive,  the  diarrhoeal  curve  has  begun 
to  decline,  I  have  previously  pointed  out  (1910)  that  a  considera- 
tion  of  the  habits   of  the  house-fly  will  probably  afford  an  ex- 
planation of  this  difficulty.     Flies  are  very  susceptible  to  changes 
of  temperature.      When  the   temperature  falls  flies  become  less 
active  and  retire  into  the  shelter  of  houses  and  other  buildings, 
although   their  numbers,   as  indicated  by  captures  in   traps  set 
indoors,  may  still  be  considerable.     In  so  far  then  as  the  activity 
of  the  flies  is  associated  with  the  temperature,  the  temperature 
curve    should   be   studied   in    addition   to   the  fly   and   diarrhoea 
curves.     If  this   is  done,  it  is   usually  found  that  a  fall  in  the 
number  of  flies  is  preceded  by  a  fall  in  the  temperature  and  that 
these  two   curves  are   associated   somewhat  closely,  that  is,   the 
numerical   activity  of  the  flies — since   the   numbers  caught  are 
more  indicative  of  their  numerical  activity  than  of  their  numerical 
abundance — is  dependent  upon  the  temperature  and  also,  I  have 
found,  upon  the  state  of  the  weather  and  sky.     Therefore,  if  the 
flies  become  less  active,  they  will  be  less  liable  to  transmit  the 
organisms  causing  summer  diarrhoea,  and  although  the  numbers 
caught  in  the  houses  may  exceed  in  numbers  those  caught  earlier 
in  the  season  when  the  diarrhoea  curve  was  rising,  those  which 
are  very  active  will  be  less  in  number  and  consequently  instead  of 
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increasing,  the  diarrhoea  curve  begins  to  fall.  The  (Ussemination 
of  summer  diarrhoea  is  brought  about  chieHy  owing  to  the  activity 
of  the  Hies  outside  the  houses  as  well  as  inside.  A  fall  in  tem- 
perature or  a  spell  of  dull  weather  decreases  considerably  this 
outside  activity  and  will,  therefore,  cause  a  decline  in  the  number 
of  diarrhoea  cases.  The  number  of  cases  of  diarrhoea  is  dependent 
on  the  activity  of  the  flies  and  this  is  dependent  on  climatic 
conditions,  chief  of  which  is  temperature.  Considered  in  the 
light  of  these  facts  this  seeming  difficulty  is  not  an  argument 
against  the  idea  that  we  hold  on  the  relation  of  flies  to  summer 
diarrhoea,  but  rather  one  in  support  of  it. 

The  relation  of  temperature  and  the  activity  of  the  flies  has 
also  been  commented  upon  by  Nash  (1909). 

The  great  difficulty  with  which  we  are  faced  in  discussing  the 
question  of  the  .relation  of  flies  to  the  prevalence  of  summer 
diarrhoea  is  that  it  has  not  been  proved  to  the  satisfaction  of 
most  investigators  w^hat  the  specific  pathogenic  organism  is;  or 
perhaps  there  are  associated  organisms.  It  is  possible  that  more 
than  one  etiological  factor  exists.  Various  organisms  have  been 
found  in  the  diarrhoeal  stools.  Some  epidemics  in  the  United 
States  have  been  associated  w4th  the  dysentery  (Flexner's)  bacillus 
in  the  stools ;  in  other  epidemics  dysentery  bacilli  w^ere  not  found. 
Metchnikoff  (1909)  believes  that  Bacillus  vulgare  may  be  the 
causative  organism.  Morgan  (1906-7)  isolated  a  bacillus  which 
he  designated  "  No.  1,"  and  which  may  be  an  important  factor  in 
the  causation  of  the  disease.  In  a  further  paper  Morgan  and 
Ledingham  (1909)  give  a  more  complete  account  of  their  researches 
on  Morgan's  bacillus  which  belongs  to  the  non-lactose  fermenting 
gi'oup,  to  Avhich  gi'oup  all  the  pathogenic  bacteria  inducing  affec- 
tions of  the  intestinal  tract  belong,  namely,  the  typhoid  and 
paratyphoid  bacilli,  the  dysentery  and  food-poisoning  organisms. 
In  1905,  58  cases  of  infantile  diarrhoea  were  examined  and 
Morgan's  bacillus  was  found  in  48-2  per  cent. ;  in  1906,  in  54 
cases  it  was  found  in  55 "8  per  cent. ;  in  1907,  191  cases  were 
examined  and  it  occurred  in  16"2  per  cent.,  and  in  1908  it  occurred 
in  53  per  cent,  of  the  cases,  numbering  166  that  were  examined. 
It  was  found  that  rats  and  monkeys  were  susceptible  to  infection 
by  feeding  and  that  they  succumbed  after  a  period  of  diarrhoea. 
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One  of  the  most  interesting  and  highly  suggestive  results  of  the 
research  was  the  discovery  of  Morgan's  bacillus  in  flies.  "  Batches 
of  flies  came  for  examination  from  infected  and  uninfected  houses 
in  Paddington  and  from  a  country  house  situated  many  miles  from 
London,  where  no  cases  of  diaiThoea  had  occurred,  at  any  rate, 
within  a  radius  of  two  miles.  The  flies  were  killed  with  ether 
vapour  and  crushed  Avith  a  sterile  rod  in  peptone  broth.  The 
result  was  that  Morgan's  bacillus  was  isolated  from  nine  of  the 
thirty-twQ  batches  from  infected  houses  and  from  one  of  the 
thirty-two  batches  from  uninfected  houses^  It  was  also  got  in 
five  out  of  twenty-four  batches  from  the  country  house."  Dr 
Morgan  in  the  course  of  a  letter  to  me  says:  "I  certainly  think 
they  are  carriers  of  summer  diarrhoea,  and  the  variety  I  especially 
suspect  of  doing  this  is  the  Musca  domestica." 

In  a  study  of  the  micro-organisms  occurring  in  flies  caught  in 
normal  surroundings  and  in  diarrhoea-infected  locations  Graham- 
Smith  (1912)  found  that  a  greater  proportion  of  flies  is  infected 
with  the  non -lactose-fermenting  bacteria  during  August  and  the 
early  part  of  September  than  at  other  times.  Of  the  groups  of 
bacilli  into  which  these  organisms  can  be  divided  the  Morgan  or 
Ga  gi'oup  is  the  only  one  which  occurs  frequently  in  flies  from 
diarrhoea-infected  houses  and  rarely  in  non-diarrhoea-infected 
houses.  He  considers  it  certain  that  flies  infected  with  Morgan's 
bacillus  can  contaminate  materials  on  which  they  feed  or  over 
which  they  walk. 

The  epidemiological  evidence  for  and  against  the  hypothesis 
that  the  house-fly  is  an  agent  in  the  dissemination  of  summer 
diarrhoea  has  been  subjected  to  a  most  careful  and  detailed 
examination  and  analysis  by  Martin  (1913),  whose  paper  is  in 
my  opinion  the  most  judicious  criticism  of  the  problem  as  it  now 
stands. 

After  pointing  out  that  the  observations  of  Niven  and  Hamer 
indicate  the  dependence  of  both  the  number  of  flies  and  the 
epidemic  upon  the  cumulative  effect  of  previous  warm  weather, 
Martin  calls  attention  to  the  fact  that  a  notable  feature  of  the 


1  Morgan's  bacillus  has  also   been   isolated    from   naturally  infected    dies   by 
Nicoll  (1911)  and  Cox,  Lewis  and  Glynn  (1912).     See  pp.  245  and  296. 
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curve  is  that  the  same  fly  population  is  accompanied  by  a  rise  in 
the  number  of  cases  in  early  August  and  by  a  foil  in  early 
September.  If  the  time  relations  of  fly  prevalence  and  diarrhoea 
cases  is  to  be  regarded  as  something  more  than  an  interesting 
coincidence  a  satisfactory  explanation  must  be  found  for  these 
facts.  He  rightly  states  that  the  number  of  flies  is  dependent 
upon  the  accumulated  effect  of  temperature  because  a  considerable 
period  of  warm  weather,  weeks  or  months,  is  required  to  produce 
an  abundance  of  flies  from  the  few  which  come  out  of  hibernation. 
The  dependence  of  the  epidemic  upon  this  factor  is  not  so  obvious 
in  the  absence  of  exact  knowledge  as  to  the  etiology  of  diarrhoea. 
But  assuming  an  infective  agent  of  a  bacterial  nature  with  which 
food  might  become  contaminated  he  shows  that  the  dose  of  in- 
fection would  not  be  dependent  upon  the  accumulated  effect  of 
temperature  during  the  previous  three  months.  It  is  just  con- 
ceivable that  the  virulence  of  the  organism  might  be  enhanced 
by  the  continued  influence  of  warm  weather.  Describing  the 
excellent  a  priori  reasons  for  supposing  that  flies  could  transmit 
the  infective  agent  of  diarrhoea  he  says :  "  Anyone  familiar  with 
the  domestic  menage  of  the  average  working  man  on  a  hot  summer 
day,  with  the  baby  sick  with  diarrhoea  and  other  small  children 
to  care  for,  must  realize  that  the  opportunities  afforded  for  fly 
transmission  are  adequate  enough." 

After  discussing  the  data  relating  to  the  question  to  which 
I  have  previously  referred,  namely,  the  decline  of  the  epidemic 
while  the  number  of  flies  is  still  considerable,  he  groups  the  two 
factors  which  may  contribute  in  a  varying  degree  to  the  decline 
of  the  epidemic.  First,  a  fall  in  temperature,  diminishing  (a)  the 
activity  and  number  of  the  supposed  transmitters,  and  (6)  the  dose 
of  infection  which  the  child  ingests  owing  to  the  effect  upon  the 
rate  of  multiplication  of  the  infective  agent.  Second,  the  exhaus- 
tion of  the  more  susceptible  individuals,  as  pointed  out  by  Niven 
(I.e.),  and  also  by  Peters  (1910)  in  describing  an  epidemic  in 
Mansfield,  where,  under  similar  conditions,  in  one  section  of  the 
town  the  epidemic  was  nearly  finished  whilst  in  another  the 
aforementioned  factors  appears  to  predominate. 

In  commenting  upon  the  evidence  of  Nash  and  Niven,  which 
I  have  already  given,  upon  the  relation  between  the  number  of 
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flies  and  the  distribution  of  cases  of  infantile  diarrhoea,  Martin 
states,  and  I  think  justly:  "I  doubt  very  much  whether  any 
evidence  of  great  value  could  be  obtained  upon  this  point.  Even 
supposing  it  to  be  true  that  fly  carriage  is  of  first  importance, 
I  should  expect  that,  if  all  the  facts  were  known,  a  much  higher 
correlation  would  be  discovered  between  diarrhoea  and  carelessness 
with  regard  to  disposal  of  excreta  and  protection  of  food  from  the 
visitation  of  flies  than  between  diarrhoea  and  fly  prevalence." 

As  a  conclusion  to  this  resume  of  the  evidence  for  and  against 
the  hypothesis  that  the  house-fly  is  an  important  agent  in  the 
dissemination  of  summer  diarrhoea,  in  regard  to  which  idea  a 
critical  attitude  is,  in  my  opinion,  not  only  justified  but  conducive 
to  a  more  satisfactory  elucidation  of  the  problem,  I  do  not  think 
I  can  do  better  than  to  quote  Martin's  concluding  paragraph.  He 
says :  "  Many  of  the  facts  which  I  have  brought  forward  merely 
indicate  some  form  of  infective  agent  and  do  not  necessitate 
recourse  to  the  hypothesis  that  carriage  of  flies  dominates  the 
situation.     I  would  point  out,  however,  that: 

"  1.  The  fly-carrier  hypothesis  is  the  only  one  which  offers 
a  satisfactory  interpretation  of  the  extraordinary  dependence  of 
the  epidemic  upon  the  accumulated  effect  of  temperature. 

"  2.  That  it  offers  a  ready  explanation  of  the  spread  of  infection 
to  neighbouring  children  who  have  no  direct  personal  contact  with 
the  patient. 

"  3.  That  the  peculiarities  of  the  relation  in  time  between  fly 
prevalence  and  the  epidemic  in  different  localities  are  not  incon- 
sistent with  the  view  that  fly  carriage  is  essential  to  epidemicity. 
No  other  interpretation  which  is  at  present  forthcoming  is  nearly 
so  satisfactory,  and  it  is  at  least  worth}^  to  guide  in  the  meantime 
our  efforts  at  prevention  \" 

1  In  a  recent  Bulletin  Armstrong  (1914)  gives  an  account  of  an  effort  made  in 
the  summer  of  1913  by  the  Department  of  Social  Welfare  of  New  York  to  determine 
the  imj)ortance  of  the  house-fly  in  the  transmission  of  diarrhoeal  disease  among 
infants.  Two  congested  areas  in  the  Italian  quarter  were  selected.  In  one  every 
step  was  taken  to  make  the  houses  sanitary  and  fly  less  by  education,  screening, 
cleaning  up,  etc. ;  in  the  other  nothing  was  done.  A  careful  census  and  weekly 
inspections  were  made.  The  statistical  findings,  if  not  entirely  conclusive,  were 
exceedingly  interesting  and  demonstrated  an  apparent  marked  i-eduction  in  the 
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amount  of  dian'hoeal  disease  in  the  protected  area.  In  the  protected  area  there 
were,  in  children  under  five  years  of  age,  twenty  cases  of  diarrhoeal  disease,  and 
fifty-seven  cases  in  the  unprotected  or  filthy  area.  In  the  former  the  duration  of 
the  disease  was  273  days,  in  the  latter  the  total  days  of  sickness  were  984.  Of  the 
other  suggestive  statistics  contained  in  this  rei)ort  the  following  may  be  mentioned. 
A  bacterial  count  of  the  flies  was  made.  The  average  number  of  bacteria  on  an 
agar  culture  from  flies  in  the  clean  area  was  13,986  and  in  the  dirty  area  1,106,017. 
The  average  number  per  fly  of  bacteria  on  Conradi  plates  (indicating  intestinal 
organisms)  was  4489  on  flies  from  the  clean  area  and  292,117  from  flies  from  the 
dirty  area. 


CHAPTER   XXIII 

THE   DISSEMINATION   OF   OTHER   DISEASES   BY  FLIES 

Anthrax 

In  considering  the  relation  of  flies  to  anthrax  several  fects 
should  be  borne  in  mind.  As  early  as  the  eighteenth  century  it 
was  believed  that  anthrax  might  result  from  the  bite  of  a  fly,  and 
the  idea  has  been  used  by  Murger  in  his  romance  Le  Sabot  Rouge. 
A  very  complete  historical  account  of  these  earlier  ideas  is  given 
by  Nuttall  (1899).  Most  of  the  instances  in  support  of  this  belief, 
however,  that  flies  may  carry  the  infection  of  anthrax,  refer  to 
biting  flies.  As  I  have  already  pointed  out,  M.  domestica  and 
such  of  its  allies  as  F.  canicidaris,  C.  erythrocephala,  C.  vomitoria 
and  Lucilia  caesar  are  not  biting  or  blood-sucking  flies.  The 
nearest  allies  of  M.  domestica  which  suck  blood  in  England  are 
S.  calcitrans,  Haematohia  stimulans  Meigen  and  Lyperosia  irri- 
tans  L. ;  the  rest  of  the  blood-sucking  flies  which  may  be  considered 
in  this  connection  belong  to  the  family  Tabanidae,  including  the 
common  genera  Haematopota,  Tabanus,  and  Chrysops.  These 
biting  and  blood-sucking  flies  live  upon  the  blood  of  living  rather 
than  dead  animals.  But  it  is  from  the  carcases  and  skins  of 
animals  which  have  died  of  anthrax  that  infection  is  more  likely 
to  be  obtained,  and  I  believe  that  such  flies  as  the  blow-flies 
(Calliphora  spp.)  and  sometimes  31.  domestica  and  Lucilia  caesar 
which  frequent  flesh  and  the  bodies  of  dead  animals  for  the 
purpose  of  depositing  their  eggs  and  for  the  sake  of  the  juices, 
are  more  likely  to  be  concerned  in  the  carriage  of  the  anthrax 
bacillus  and  the  causation  of  malignant  pustule  than  are  the 
blood-sucking  flies.     Consequently,  as  M.  domestica  and  its  allies 
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only  are  under  consideration,  and  for  the  sake  of  brevit3%  the 
relation  to  anthrax  of  the  non-biting  flies  only  will  be  considered 
here. 

The  earliest  bacteriological  evidence  in  support  of  this  belief 
was  Raimbert  (1869).  He  experimentally  proved  that  the  house- 
fly and  the  meat-fly  were  able  to  carry  the  anthrax  bacillus,  which 
he  found  on  their  proboscides  and  legs.  In  one  experiment  two 
meat-flies  were  placed  from  twelve  to  twenty-four  hours  in  a  bell- 
jar  with  a  dish  of  dried  anthrax  blood.  One  guinea-pig  was 
inoculated  with  a  proboscis,  two  wings  and  four  legs  of  a  fly,  and 
another  with  a  wing  and  two  legs.  Both  were  dead  at  the  end  of 
sixty  hours,  anthrax  bacilli  being  found  in  the  blood,  spleen  and 
heart.  He  concludes :  "  Les  mouches  qui  se  posent  sur  les  cadavres 
des  animaux  morts  du  Charbon  sur  les  depouilles,  et  s'en  nouris- 
sent,  ont  la  faculte  de  transporter  les  virus  charbonneux  depos^ 
sur  la  peau  pent  en  traverser  les  differentes  couches."  Davaine 
(1870)  also  carried  out  simihir  experiments  with  G.  vomitoria 
which  w^as  able  to  carry  the  anthrax  bacillus.  Bollinger  (1874) 
found  the  bacilli  in  the  alimentary  tract  of  flies  that  he  had 
caught  on  the  carcase  of  a  cow  dead  of  anthrax.  Sangree  (1899) 
allowed  a  fly  to  walk  over  a  plate  culture  of  anthrax  and  then 
transferred  it  to  a  sterile  plate;  colonies  of  anthrax  naturally 
developed  in  its  tracks.  Buchanan  (1907)  placed  C.  vomitoria 
under  a  bell-jar  with  the  carcase  of  a  guinea-pig  (deprived  of  skin 
and  viscera)  which  had  died  of  anthrax.  He  then  transferred 
them  to  agar  medium  and  a  second  agar  capsule,  both  of  wdiich  sub- 
sequently showed  a  profuse  growth  of  B.  anthracis,  as  one  might 
expect.  Specimens  of  M.  domestica  were  also  given  access  to  the 
carcase  of  an  ox  w^hich  had  died  of  anthrax ;  they  all  subsequently 
caused  gi'owths  of  the  anthrax  bacillus  on  agar.  I  entirely  agree 
with  Nuttall,  who  says :  "  It  does  seem  high  time,  though,  after 
nearly  a  century  and  a  half  of  discussion,  to  see  what  would  be 
the  result  of  properly  carried  out  experiments.  That  ordinary 
flies  {M.  domestica  and  the  like)  may  carry  about  and  deposit 
the  bacillus  of  anthrax  in  their  excrements,  or  cause  infection 
through  their  soiled  exterior  coming  in  contact  with  wounded 
surfaces  or  food,  may  be  accepted  as  proven  in  view  of  the  ex- 
perimental evidence  already  presented." 
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These  experiments  only  prove  the  ability  of  flies  to  mechanically 
transfer  the  anthrax  bacilli  from  infected  to  uninfected  matter. 
Graham-Smith  (1910  and  1911),  however,  has  carried  these  ex- 
periments further  with  a  view  to  discovering,  among  other  points, 
the  length  of  time  that  flies  may  carry  the  bacilli  or  its  spores, 
B.  anthracis  being  a  spore-bearing  bacillus  and  consequently  more 
adapted  for  transference.    Flies  were  placed  for  one  hour  in  a  cage 
containing  the  body  of  a  mouse  just  dead  of  anthrax,  its  body 
having  been  opened  to  enable  the  flies  to  feed  upon  its  blood. 
The  flies  were  afterwards  transferred  to  a  clean  cage  which  on  the 
following  morning  was  found  to  contain  red  spots  of  vomit  and 
yellowish   faeces.      B.    anthracis  was    found    in   the   former  both 
microscopically  and  by  cultures.     The  flies  were  transfeiTed  daily 
to  fresh   cages  and   fed  on   syrup ;    at   intervals   specimens  were 
removed  and  dissected  and  cultures  were  made  on  agar  from  their 
legs,  wings,  heads,  crops  and  intestinal  contents.     Cultures  were 
also  made  from  the  faeces.     As  a  result  of  these  careful  examina- 
tions, it  was  found  that  the  non-spore-bearing  anthrax  bacilli  did  not 
remain  alive  on  the  external  parts  of  the  fly  for  more  than  twenty- 
four  hours.     They  remained  alive  in  the  intestine  for  three  days 
and  in  the  crop  for  five  days,  especially  when  this  organ  contained 
partially  coagulated  blood.     The  bacilli  were  present  in  the  faeces 
deposited    forty-eight    hours    after   infection.      No    spore-bearing 
forms  were  obtained  from  film  preparations  made  at  various  times 
from   the   contents  of  the  crop  and  the  intestine.     Experiments 
were  also  carried  on  with  the  spores  of  B.  anthracis.    An  emulsion 
of  an  old  anthrax  culture  was  made  and  heated  to  70°  C.  for  fifteen 
minutes,  after  which  a  number  of  flies  were  allowed  to  feed  on  it. 
These  flies  were  then  transfeiTed  to  fresh  cages  daily  and  fed  on 
syi-up  and  as  in  the  previous  experiment  specimens  were  caught 
and  dissected  at  intervals,  agar  cultures  being  made  from  their 
legs,  wings,  heads,  crops  and  intestinal  contents  and  faecal  deposits. 
Smears  were  made  from  the  crop  and  intestinal  contents  at  various 
times  but  the  absence  of  anthrax  bacilli  on  microscopic  examina- 
tion demonstrated  that  the  spores  do  not  develop  in  the  fl}'.     This 
experiment  showed  that  flies  infected  with  anthrax  spores  may 
carry  the  spores  upon  their  legs  and  Avings  for  at  least  twelve  days, 
and  that  the  spores  are  present  in  considerable  numbers  in  the 
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crop  and  intestinal  contents  for  at  least  seven  days.  The  spores 
remained  in  a  living  condition  in  the  vomit  and  faecal  deposits  for 
six  days  or  longer.  Cultures  were  also  made  from  drops  of  sugar 
after  the  flies  had  been  allowed  to  feed  upon  them  and  anthrax 
bacilli  were  obtained  on  the  tenth  day  after  the  flies  had  fed.  It 
was  also  shown  in  another  experiment  that  the  anthrax  spores 
may  remain  alive  for  at  least  twenty  days  upon  the  legs  and 
wings  and  in  the  intestinal  contents  of  the  fly  and  that  faeces 
passed  fourteen  days  after  infection  contained  living  spores.  Dried 
faeces  and  vomit  were  shown  to  contain  the  spores  in  a  vital  con- 
dition for  twenty  days.  Cultures  were  obtained  from  the  bodies 
of  dead  flies  four  hundred  and  twenty-eight  days  after  death  and 
proved  to  be  virulent  by  animal  inoculations. 

In  connection  with  the  experiments  of  Faichnie  and  (jthurs  on 
flies  bred  from  larvae  infected  with  B.  typhosus  the  results  of 
Graham-Smith's  experiments  with  B.  untlirucis  are  of  interest. 
The  larvae  of  C.  erythrocephala  were  fed  on  meat  infected  with 
anthrax  spores.  The  flies  bred  from  these  larvae  were  heavily 
infected  for  at  least  two  days  after  emerging.  In  a  single  series 
of  experiments  B.  anthracis  could  not  be  cultivated  either  from 
the  limbs  or  intestinal  contents  of  flies  more  than  fifteen  or 
nineteen  days  old.  It  was  found  that  flies  were  able  to  infect, 
during  the  first  two  days  after  emerging,  materials  over  which 
they  walk,  and  to  deposit  infected  faeces. 

In  a  further  report  Graham-Smith  (1912)  states  that  he  finds 
that  a  large  proportion  of  Musca  domestica  which  develop  from 
larvae  infected  with  the  spores  of  B.  anthracis  are  infected. 

These  results  confirm  the  suggestion  made  by  Joseph  (1887) 
and  later  by  Nuttall  {I.e.)  that  the  non-biting  flies,  when  infected, 
may  spread  anthrax  by  depositing  bacilli  upon  wounds  or  food  and 
they  have  a  significant  bearing  upon  the  spread  of  the  disease 
among  domestic  animals  and  the  production  of  malignant  pustule 
in  man. 

Tuberculosis. 

With  the  proven  existence  of  so  many  factors  contributing  to 
the  dissemination  of  the  tubercle  bacillus,  the  significance  of  ex- 
periments of  a  positive  nature  indicating  the  ability  of  flies  to 
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transfer  the  virulent  germs  may  appear  to  be  lessened.  A  careful 
consideration  of  the  facts,  nevertheless,  will  show  that  this  is  far 
from  being  the  case.  My  experiments  and  observations  on  the 
feeding  habits  of  the  fly  have  shown  that  this  insect  is  especially 
fond  of  and  attracted  to  sputum.  This  is  a  matter  of  common 
observation  where  spittoons  or  cuspidors  are  used  and  are  not 
kept  in  a  clean  condition.  There  is  no  lack  of  opportunity,  under 
natural  conditions,  for  flies  to  infect  themselves  externally  and 
internally  with  the  tubercle  bacilli.  To  what  extent  they  may 
prove  the  means  of  infection  depends  upon  their  access  to  food. 
In  my  opinion  their  greatest  danger  lies  in  the  possibility  of  their 
coming  into  contact  with  the  mouths  or  food  of  helpless  infants. 

Spillman  and  Haushalter  were  the  first  to  carry  out  bacterio- 
logical investigations  on  the  dissemination  of  Bacillus  tuheixulosis 
by  flies.  As  early  as  1887  they  found  this  bacillus  in  large 
numbers  in  the  intestines  of  flies  from  a  hospital  ward,  and  also 
in  the  dejections  which  occurred  on  the  windows  and  walls  of  the 
ward.  Hoffmann  (1886)  also  found  tubercle  bacilli  in  the  excreta 
of  flies  in  the  room  where  a  patient  had  died  of  tuberculosis,  and 
he  also  found  the  bacilli  in  the  flies'  intestinal  contents.  One  out 
of  three  guinea-pigs  which  were  inoculated  with  the  flies'  intestines 
died ;  two  inoculations  with  the  excreta  had  no  eflect,  which  led 
him  to  believe  that  the  bacilli  became  less  virulent  in  passing 
through  the  fly's  alimentary  tract.  But  Celli  {I.e.)  records  ex- 
periments in  which  two  rabbits  inoculated  with  the  excreta  of 
flies  fed  with  tubercular  sputum  developed  the  disease. 

Hayward  (1904)  obtained  tubercle  bacilli  in  ten  out  of  sixteen 
cultures  made  from  flies  which  had  been  caught  feeding  on  bottles 
containing  tuberculous  sputum.  Tubercle  bacilli  were  also  re- 
covered from  cultures  made  from  faeces  of  flies  which  had  fed  in 
the  same  manner,  which  apparently  caused  a  kind  of  diarrhoea  in 
the  flies,  and  they  died  from  two  to  three  days  afterwards.  Faeces 
of  flies  fed  on  tubercular  sputum  were  rubbed  up  in  sterile  water 
and  injected  into  the  peritoneal  cavity  of  guinea-pigs,  which  de- 
veloped tuberculosis.  Buchanan  (1907)  allowed  flies  to  walk  over 
a  film  of  tubercular  sputum  and  then  over  agar ;  the  agar  was 
then  washed  with  water  and  a  guinea-pig  died  of  tuberculosis  in 
thirty-six  days  by  inoculating  it  with  the  resulting  solution. 
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Cobb  (1905)  is  of  the  opinion  that  by  the  infection  of  human 
food  after  feeding  upon  tubercular  sputum  flies  may  be  an  im- 
portant factor  in  the  dissemination  of  tuberculosis,  and  the  force 
of  his  remarks  is  not  mitigated  by  the  acrid  criticisms  of  Mays 
(1905). 

Lord  (1904)  made  a  careful  series  of  experiments  as  a  result 
of  which  he  reached  the  following  conclusions :  Flies  may  ingest 
tubercular  sputum  and  excrete  tubercle  bacilli,  the  vinilence  of 
which  may  last  for  at  least  fifteen  days.  The  danger  of  human 
infection  from  tubercular  fly  specks  is  by  the  ingestion  of  the 
specks  on  food.  Spontaneous  liberation  of  tubercle  bacilli  from 
fly  specks  is  unlikely.  If  mechanically  disturbed,  infection  of  the 
surrounding  air  may  occur.  He  suggests  that  tubercular  material 
(sputum,  pus  from  discharging  sinuses,  faecal  matter  from  patients 
•sN'ith  intestinal  tuberculosis,  etc.)  should  be  carefully  protected 
from  flies  lest  they  act  as  disseminators  of  the  tubercle  bacilli. 
During  the  fly  season  greater  attention  should  be  paid  to  the 
screening  of  rooms  and  hospital  wards  containing  patients  with 
tuberculosis  and  laboratories  where  tubercular  material  is  examined. 
As  these  precautions  would  not  eliminate  fly  infection  by  patients 
at  large,  food  stuffs  should  be  protected  from  flies  which  may 
already  have  ingested  tubercular  material.  The  importance  of 
these  conclusions  will  be  realised  by  those  who  are  acquainted  with 
recent  work  on  tubercular  infection  by  way  of  the  alimentary 
tract. 

Graham-Smith  (1910)  carried  out  a  series  of  experiments  ^vith 
flies  artificially  infected  with  B.  tuberculosis.  A  large  number  of 
flies  freshly  caught  were  allowed  to  feed  upon  an  emulsion  of 
a  culture  of  human  tubercle  bacilli  in  syrup.  After  feeding,  the 
flies  were  transferred  to  a  clean  cage  and  fed  dail}-  on  syrup. 
Smear  preparations  were  made  from  the  crop  and  intestinal 
contents  of  these  flies  which  were  caught  at  intervals.  Smears 
were  also  made  from  vomit  and  faecal  material.  As  a  result  it 
was  found  that  under  experimental  conditions  the  tubercle  bacilli 
were  present  in  the  crop  for  three  days.  In  the  intestine  they 
were  found  in  considerable  numbers  up  to  six  days  and  were  still 
present  after  twelve  days  and  possibly  longer.  In  the  faeces  they 
were  numerous  up  to  the  fifth  day  and  occasionally  found  up  to 
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the  fourteenth  day  after  infection.  In  a  further  experiment  flies 
were  fed  upon  tuberculous  sputum  and  afterwards  on  non-tuber- 
culous sputum.  The  tubercle  bacilli  were  found  in  the  intestinal 
contents  for  at  least  four  days,  during  which  time  the  faeces  were 
also  infected.  These  careful  experiments  confirm  the  conclusions 
of  the  previous  investigators  as  to  the  ability  of  flies  to  carry 
B.  tuberculosis  in  a  virulent  condition. 

Cholera. 

The  necessity  of  guarding  food  against  flies  in  the  belief  that 
they  might  disseminate  cholera  was  called  attention  to  by  Moore 
in  1853,  according  to  Nuttall  and  Jepson  (1909).  He  stated  that 
"  flies  in  the  East  have  not  far  to  pass  from  diseased  evacuations 
or  from  articles  stained  with  such  excreta,  to  food  cooked  and 
uncooked." 

One  of  the  first  to  suggest  that  flies  may  disseminate  the 
cholera  spirillum  was  Nicholas  (1873),  who,  in  an  interesting  and 
prophetic  letter,  said  :  "  In  1849,  on  an  occasion  of  going  through 
the  wards  of  the  Malta  Hospital  where  a  large  amount  of  Asiatic 
cholera  was  under  treatment,  my  first  impression  of  the  possibility 
of  the  transfer  of  the  disease  by  flies  was  derived  from  the  obser- 
vation of  the  manner  in  which  these  voracious  creatures,  present 
in  great  numbers,  and  having  equal  access  to  the  dejections  and 
food  of  the  patients,  gorged  themselves  indiscriminately,  and  then 
disgorged  themselves  on  the  food  and  drinking  utensils.  In  1850 
the  Superb,  in  common  with  the  rest  of  the  Mediterranean 
squadron,  was  at  sea  for  nearly  six  months ;  during  the  greater 
part  of  the  time  she  had  cholera  on  board.  On  putting  to  sea  the 
flies  were  in  great  force,  but  after  a  time  the  flies  gradually  dis- 
appeared and  the  epidemic  slowly  subsided.  On  going  into  Malta 
harbour,  but  without  communicating  with  the  shore,  the  flies 
returned  in  greater  force,  and  the  cholera  also  with  increased 
violence.  After  more  cruising  at  sea  the  flies  disappeared  gradu- 
ally, with  the  subsidence  of  the  disease.  In  the  years  of  1854  and 
1866  in  this  country  the  periods  of  occurrence  and  disappearance 
of  the  epidemics  were  co-incident  with  the  fly  season."  In  1886, 
Flugge,  according  to  Nuttall  and  Jepson  (I.e.),  observed  that  flies 
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may  infect  fuud  during  cholera  times  and  that  they  must  play  an 
important  part  in  the  dissemination  of  the  disease  when  they  are 
numerous.  He  also  draws  attention  to  the  fact  that  the  W(jrst 
cholera  months  are  those  in  which  insects  abound. 

Buchanan  (1897),  in  a  description  of  a  gaol  epidemic  of 
cholera  which  occurred  at  Burdvvan  in  Juno,  1896,  states  that 
swarms  of  flies  occurred  about  the  prison,  outside  which  there 
were  a  number  of  huts  containing  cholera  cases.  Numbers  of 
flies  were  blown  from  the  sides  where  the  huts  lay  into  the  prison 
enclosure,  where  they  settled  on  the  food  of  prisoners.  Only 
those  prisoners  which  were  fed  in  the  gaol  enclosure  nearest  the 
huts  acquired  cholera,  the  others  remaining  healthy. 

Tsuzuki  (1904),  reporting  upon  the  cholera  outbreak  in 
Northern  China  in  1902,  states  that  "  flies  in  China  are  a  terrible 
infliction  to  the  stranger,"  and  remarks  that  if  they  are  capable  of 
carrying  about  the  cholera  germ  they  must  play  an  important  part 
in  the  spread  of  the  disease.  His  experiments,  mentioned  later, 
demonstrated  that  flies  are  able  under  natural  conditions  to  carry 
the  cholera  spirillum. 

Bacteriological  evidence. 

Maddox  (1885)  appears  to  have  been  the  first  to  conduct 
experiments  with  a  view  to  demonstrating  the  ability  of  the  flies 
to  carry  cholera  spirillum,  or  as  it  was  then  called,  the  "  comma 
bacillus."  He  fed  the  flies  Calliphora  vomitoria  and  Eristalis 
tenOyX  (the  "drone-fly")  on  pure  and  impure  cultures  of  the 
spirillum,  and  appears  to  have  found  the  motile  spirillum  in  the 
faeces  of  the  flies.  He  concludes  that  these  insects  may  .act  as 
disseminators  of  cholera.  During  a  cholera  epidemic  Tizzoni  and 
Cattani  (1886),  working  in  Bologna,  showed  experimentally  that 
flies  were  able  to  carry  the  "  comma  bacillus"  on  their  feet.  They 
also  obtained,  in  tw^o  of  these  experiments,  the  spirillum  ft-om 
cultures  made  with  flies  from  one  of  the  cholera  wards.  Sawt- 
chenko  (1892)  made  a  number  of  careful  experiments.  Flies  were 
fed  on  bouillon  culture  of  the  cholera  spirillum,  and  to  be  certain 
that  the  subsequent  results  should  not  be  vitiated  by  the  presence 
of  the  spii'illum  on  the  exterior  of  the  flies,  he  di&infected  them 
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externally  and  then  dissected  out  the  alimentary  canal,  with  which 
he  made  cultures.  In  the  case  of  flies  which  had  lived  for  forty- 
eight  hours  after  feeding,  the  second  and  third  cultures  represented 
pure  cultures  of  the  cholera  spirillum. 

Simmonds  (1892)  in  Hamburg  placed  flies  on  a  fresh  cholera 
intestine,  and  afterwards  confined   them   from    five    to    forty-five 
minutes  in  a  vessel  in  which  they  could  fly  about.     Roll  cultures 
were  then  made  and  colonies  of  the  cholera  spirillum  were  obtained 
after  forty-eight  hours.     Colonies  were  also  obtained  from  a  fly  one 
and  a  half  hours  after  having  access  to  a  cholera  intestine,  and  also 
fi-om   flies   caught    in    a   cholera  post-mortem  room.     Uffelmann 
(1892)  fed  two  flies  on  liquefied  cultures  of  the  cholera  spirillum, 
and  after  keeping  one  of  them  for  an  hour  in  a  glass  he  obtained 
10,500  colonies  from  it  by  means  of  a  roll  culture  ;  from  the  other, 
which  was  kept  two  hours  under  the  glass,  he  obtained  twenty-five 
colonies.     In  a  further  experiment  he  placed  one  of  the  two  flies, 
similarly  infected  with  the  spirillum,  in  a  glass  of  sterilised  milk, 
which  it  was  allowed  to  drink.    The  milk  was  then  kept  for  sixteen 
hours  at  a  temperature  of  20—21°  C,  after  which  it  was  shaken, 
and  cultures  were  made  from  it ;  one  drop  of  milk  yielded  over 
one  hundred  colonies  of  the  spirillum.     The  other  fly  was  allowed 
to  touch  with  its  proboscis  and  feed  upon  a  juicy  piece  of  meat 
that  was  subsequently  scraped.     From  one   half  of   the  surface 
twenty  colonies,  and  from  the  other  half  one  hundred  colonies,  of 
the  spirillum  were  obtained.     These  experiments  show  the  danger 
which  may  result  if  flies  having  access  to  a  cholera  patient,  and 
bearing  the  spirillum,  have  access  also  to  food.     Macrae  (1894) 
records  experiments  in  which  boiled  milk  was  exposed  in  different 
parts  of  the  gaol  at  Gaya  in  India,  where  cholera  and  flies  were 
prevalent.     Not  only  did  this  milk  become  infected,  but  the  milk 
placed  in  the  cowsheds  also  became  infected.     The  flies  had  access 
both  to  the  cholera  stools  and  to  such  food  as  rice  and  milk. 

Tsuzuki  (I.e.)  caught  flies  in  a  cholera  house  in  Tientsin  and 
isolated  the  cholera  vibrios  fi'om  them  by  incubating  the  flies  in 
bouillon  and  making  plate  cultures  fi^om  the  bouillon.  Flies  con- 
fined in  a  cage  were  also  shown  to  transfer  the  cholera  vibrios  from 
a  cholera  culture  to  a  culture  plate  of  sterile  agar. 

Chantemesse  (1905)  isolated  cholera  vibrios  fi-om  the  feet  of 
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flies  seventeen  hours  after  they  had  been  contaminated.  Ganon 
(1908)  found  that  flies  could  transmit  infection  for  at  least  twenty- 
four  hours  after  feeding  upon  infected  matter  and  that  during  such 
a  period  they  may  be  carried  long  distances  in  railway  carriages. 
He  was  unable  to  show  that  flies  could  retain  the  power  of  infecting 
for  more  than  four  days,  as  the  experimental  flies  did  not  live 
longer  than  that  time. 

Graham-Smith  (1910)  has  carried  on  a  few  experiments  on  the 
distribution  of  the  cholera  vibrios  by  flies.  Flies  were  fed  for  an 
liour  on  a  cholera  culture  emulsified  in  broth,  afterwards  they  were 
transferred  to  a  fresh  cage.  At  intervals  specimens  were  caught 
and  cultures  were  made  of  head,  leg,  wing,  crop,  and  intestinal 
contents,  the  cultures  being  subsequently  plated  out  and  also 
examined  microscopically.  The  cholera  vibrios  were  found  on  the 
legs  up  to  thu'ty  hours  after  infection  but  not  later.  They  per- 
sisted in  the  intestine  and  crop  for  forty-eight  hours  but  could  not 
be  found  after  that  time.  The  faeces  passed  thirty  hours  after 
feeding  were  infected. 

The  foregoing  experiments  prove  beyond  doubt  the  ability  of 
flies  to  carry  the  cholera  organism  both  internally  and  externally, 
in  a  virulent  condition  and  to  infect  food  for  a  significant  length  of 
time  after  feeding  upon  or  coming  in  contact  with  infected  matter. 
Among  those  authors  who  have  expressed  their  belief  in  the  possi- 
bility of  flies  acting  as  agents  in  the  dissemination  of  cholera,  the 
names  of  Marpmann  (1897)  and  Geddings  (1903)  may  be  men- 
tioned. 

Ophthalmia. 

Flies  are  now  generally  recognised  as  active  and  important 
agents  in  the  spread  of  ophthalmia,  and  although,  so  far  as  I  have 
been  able  to  discover,  we  have  little  bacteriological  evidence  at 
present  to  support  this  belief,  the  circumstantial  evidence  is  suffi- 
ciently strong  to  warrant  it.  Nuttall  and  Jepson  (I.e.)  point  out 
that  Budd  as  early  as  1862  considered  it  was  fully  proven  that  flies 
serve  as  carriers  of  Egyptian  ophthalmia. 

In  speaking  of  its  occurrence  at  Biskra,  Laveran  (1880)  says 
that  in  the  hot  season  the  eyelids  of  the  indigenous  children  are 
covered  with  flies,  to  the  attentions  of  which  they  submit ;  in  this 
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way  the  infectious  discharge  is  carried  on  the  legs  and  proboscides 
of  the  flies  to  the  healthy  children. 

Abel  (1899)  quotes  the  statements  of  Howe  (1888)  to  the 
effect  that  the  number  of  cases  increases  rapidly  from  the  moment 
when  flies  are  present  in  large  numbers.  Eye  trouble  occurs  in  the 
same  places  when  flies  are  numerous,  e.g.  the  delta  of  the  Nile ;  in 
the  desert  where  there  are  few  flies  there  are  also  few  cases'  of 
illness.  Natives  and  especially  children  are  remarkably  indifferent 
to  the  attacks  of  flies,  they  allow  the  flies  to  settle  in  crowds  about 
their  eyes,  sucking  the  secretions,  and  never  think  of  driving  them 
away.  It  is  of  interest  to  note  that  Howe  states  that  an  exami- 
nation of  the  flies  captured  on  diseased  eyes  revealed  bacteria  on 
their  feet  which  were  similar  to  those  found  in  the  conjunctival 
secretion.  Howard  (1911),  whose  attention  was  called  by  Howe 
to  these  facts,  sent  to  Egj^pt  for  specimens  of  the  flies  commonly 
swarming  about  the  eyes  of  ophthalmic  patients  which  on  exami- 
nation proved  to  be  M.  domestica.  I  have  also  received  specimens 
from  Egypt. 

Dr  Andrew  Balfour,  formerly  of  the  Gordon  College,  Khartoum, 
in  a  letter  to  me,  says  that  the  Koch-Weeks  bacillus  is  generally 
recognised  as  being  the  exciting  cause  of  Eg}^ptian  ophthalmia. 
He  says,  "  Ophthalmia  is  not  nearly  so  common  in  the  Sudan  as  in 
Egypt,  nor  are  flies  so  numerous ;  doubtless  the  two  facts  are  asso- 
ciated." Dr  MacCallan,  of  the  Egyptian  Department  of  Public 
Health,  in  answer  to  my  inquiries,  says  that  acute  ophthalmias 
are  more  liable  to  transmission  by  flies  than  trachoma.  In  his 
opinion  the  spread  of  the  latter  is,  to  a  comparatively  small  extent, 
through  the  agency  of  flies,  but  it  is  mainly  effected  by  direct 
contact  of  the  fingers,  clothes,  etc. 

The  Koch-Weeks  bacillus  was  first  seen  by  Koch  (1888)  in 
Egypt  in  cases  of  acute  catarrhal  ophthalmia.  He  found  that  two 
distinct  diseases  were  referred  to  under  that  name ;  in  the  severe 
purulent  form  he  found  diplococci,  which  he  identified  as  very 
pr(jbably  Gonococci ;  in  the  more  catarrhal  form  he  found  small 
bacilli  in  the  pus  corpuscles.  He  ascribed  the  propagation  of  the 
disease  to  flies,  which  were  often  seen  covering  the  faces  of 
children.  Axenfeld  (1908)  states  that  "  almost  the  only  organisms 
occurring  in  acute  epidemics  of  catarrhal  conjunctivitis  are  the 
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Koch-Wci'ks  bacillus  (perhaps  also  influenza  bacillus),  and  the 
pneumococcus  (in  Egypt  the  gonococcus  also,  rarely  snbtilis). 
Other  pathogenic  conjuncti vital  organisms'  only  exceptionally 
occur."  And,  further,  "  Gonococci  and  Koch-Weeks  bacilli  evi- 
dently lose  their  power  of  causing  a  conjunctivitis  very  slowly 
indeed,  and  are  very  independent  of  any  disposition."  His  state- 
ment that  "on  account  of  their  gi-eat  virulence  and  the  marked 
susceptibility  to  them,  a  very  small  number  suffices,"  is  important 
in  considering  the  relation  of  flies  to  the  spread  of  the  disease, 
although,  as  he  remarks,  every  infection  does  not  produce  the 
disease.  The  fact  that  the  Koch-Weeks  bacillus  cannot  resist 
dryness  cannot  be  urged  as  an  argument  against  the  spread  of  the 
infection  by  flies,  or  the  same  would  apply  to  the  typhoid  bacillus, 
whose  carriage  by  flies  is  proven.  Axenfeld  mentions  L.  Miiller 
and  Lakah  and  Khouri  as  advocating  the  view  that  flies  may  spread 
the  infection  more  readily.  In  view  of  the  fact  that,  as  the  same 
author  states,  "  Koch-Weeks  conjunctivitis  is  to  be  classed  with  the 
most  contagious  infectious  disease  which  we  know  of,"  it  is  im- 
portant that  the  role  of  flies  should  be  recognised. 

Notwithstanding  the  occurrence  in  temperate  climates  of  flies 
in  less  numbers  than  in  such  countries  as  Egypt,  it  would  be  well 
to  bear  in  mind  the  probable  influence  of  flies  in  cases  of  acute 
conjunctivitis,  such  as  those  described  by  Stephenson  (1897)  in 
England.  The  sole  difference  between  the  disease  in  Egypt  and 
in  England  is,  as  Dr  Bishop  Harman  points  out  to  me  in  a  letter, 
that  "  the  symptoms  produced  (in  Egypt)  are,  from  climate  and 
dirtiness  of  the  subjects,  more  severe,  and  that  there  is  found 
a  greater  number  of  cases  of  gonorrhoea!  disease  than  in  England  "  ; 
and,  I  would  add,  a  far  greater  number  of  flies.  This  disease  is 
eminently  suited  for  dissemination  by  flies,  both  on  account  of  the 
accessibility  of  the  infectious  matter  in  the  form  of  a  purulent 
discharge  from  the  eyes  and  on  account  of  the  flies'  habit  of  fre- 
quenting the  eyes. 

A  number  of  writers,  among  whom  are  Braum  (1882),  Deme- 
triades  (1894)  and  German  (1896),  refer  to  the  agency  of  flies  in 
communicating    gonorrhoea!    and    similar    infections    of  the    eye. 

1  In  this  connection  he  states  (p.  2B6) :   "We  can  make  the  general  statement 
that  the  Staphylococcus  in  the  conjunctiva  is  not  contagious." 
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Abel  cites  Welander  (1896)  who  describes  the  infection  of  a  woman 
in  a  hospital.  This  patient's  bed  was  next  to  that  of  another 
patient  suffering  from  blennorrhoea,  but  a  screen  which  did  not 
reach  to  the  ceiling  separated  the  two  beds.  All  means  of  infection, 
except  through  the  agency  of  flies,  appeared  to  be  excluded. 
Welander  found  that  flies  bore  living  gonococci  upon  their  feet 
three  hours  after  they  had  been  contaminated  with  secretion. 

Plague. 

Althiaigh  fleas  are  considered  to  be  the  chief  agents  in  the 
dissemination  of  the  plague  bacillus,  in  spite  of  the  fact  that 
the  proof  is  not  as  yet  considered  by  all  to  be  absolutely  con- 
vincing, it  is  nevertheless  interesting  from  an  historical  point  of 
view  to  refer  to  the  ideas  that  have  prevailed  and  the  experiments 
which  have  been  carried  out  in  reference  to  the  relation  of  flies  to 
plague.  Nuttall  and  Jepson  (1909)  refer  to  the  earlier  writings 
on  this  subject.  The  prevalence  of  large  numbers  of  flies  during 
outbreaks  of  plague  has  been  referred  to  by  Knud  as  early  as  1498 
and  by  Varwich  in  1577.  Mercurialis  (1577)  referred  to  the  con- 
tamination of  food  by  flies  which  had  been  frequenting  plague 
patients.  The  infection  of  healthy  persons  by  contaminated  flies 
was  also  suggested  by  Lange  (1791).  Haesar  (1882)  is  cited  by 
the  above  authors  as  refening  to  Bengasi,  Tripolis,  where  an 
epidemic  of  plague  occurred  in  1858,  being  known  to  the  Turks 
by  the  name  of  the  "  Kingdom  of  Flies." 

Yersin  (1894)  observed  the  presence  of  dead  flies  in  the 
laboratory  in  w^hich  autopsies  on  plague  animals  were  made.  He 
demonstrated  the  presence  of  virulent  plague  bacilli  in  such  dead 
flies  by  inoculation  experiments.  Nuttall  (1897)  conclusively 
proved  that  flies  were  able  to  carry  the  plague  bacillus  and  that 
they  subsequently  died  of  the  disease.  The  flies  were  fed  on 
organs  of  animals  which  had  died  of  plague.  He  found  that  such 
flies  might  survive  eight  days  at  12—14°  C.  and  that  they  still 
contained  the  virulent  bacilli  for  forty-eight  hours  or  more  after 
they  were  transferred  to  clean  vessels.  At  temperatures  of  1 4°  C. 
and  higher,  the  infected  flies  died  more  quickly  than  did  the 
control  flies  which  had  been  fed  on  the  organs  of  healthy  animals. 
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In  two  of  the  experiments  the  infected  flies  were  all  dead  on  the 
seventh  and  eighth  days  respectively  at  temperatures  of  14"  C. 
These  facts  indicate  that  flies  shoidd  not  be  allowed  to  have 
access  to  the  bodies  or  excreta  of  cases  of  plague  or  to  the  food. 

Small-pox. 

Nuttall  and  Jepson  (I.e.)  give  one  reference  only  to  flies  in 
relation  to  small-pox.  Hervieux  (1904)  states  that  Laforgue  at 
Tamorna-Djedida,  Province  of  Constantine,  observed  that  during 
an  epidemic  of  small-pox  at  that  place  all  the  children  who  were 
attacked  lived  in  the  south-west  of  the  village  and  there  was  no 
small-pox  in  the  northern  part  of  the  village.  This  distribution 
of  the  disease  was  attributed  to  the  direction  of  the  prevailing 
winds,  and  observations  indicated  that  flies  and  mosquitoes  were 
distributed  with  the  wind.  Laforgue  believed  that  flies  played  an 
important  part  in  spreading  the  virus  of  small-pox. 

Diphtheria. 

While  it  is  hardly  likely,  as  Nuttall  and  Jepson  have  pointed 
out,  that  under  natural  conditions  flies  would  play  any  part  in 
the  dissemination  of  diphtheria,  it  is  conceivable  that,  if  the 
necessary  conditions  of  infection  occurred  they  would  carry  the 
infection.  Dickenson  (1907)  cites  Smith  (1898)  who  carried  out 
the  usual  and  hardly  valuable  experiment  of  allowing  flies  to  walk 
over  infected  matter  and  afterwards  over  culture  media,  with  the 
natural  positive  results.  The  unreliable  character  of  such  experi- 
ments is  indicated  by  the  results  of  the  experiments  which  Graham- 
Smith  (1910)  carried  out  with  Bacillus  diphtheriae.  Two  series 
of  experiments  were  made.  In  the  first  flies  were  allowed  to  feed 
for  thirty  minutes  on  an  emulsion  of  B.  diphtheriae  in  saliva  and 
then  transferred  to  a  fresh  cage.  At  intervals  from  one  hour  up 
to  seventy-two  hours  after  feeding  flies  were  killed  and  cultures 
w^ere  made  on  transparent  serum  medium  fi'om  their  legs,  wings, 
heads,  crops  and  intestinal  contents.  In  the  second  series  of 
experiments  the  flies  were  allowed  to  feed  for  one  hour  on  an 
emulsion  of  B.  diphtheriae  in  broth  and  afterwards  they  were 
treated   similarly   to   the   flies    in    the   first   series.      From    the 


280  THE   DISSEMINATIOX   OF   OTHER   DISEASES   BY   FLIES 

tabulated  results  it  would  appear  that  B.  diphtheriae  seldom 
remains  alive  on  the  legs  and  wings  for  more  than  a  few  hours. 
In  the  crop  and  intestine  they  may  live  for  twenty-four  hours  or 
occasionally  longer.  The  faeces  passed  during  the  first  few  days 
after  infection  are  frequently  infected.  These  experiments  would 
indicate,  therefore,  the  ability  of  the  house-fly  to  carry  infection  if 
suitable  conditions  occur. 


Yaws  {Framhoesia  tropica). 

This  disease  which  is  widely  distributed  throughout  the  tropics 
and  is  especially  common  on  the  west  coast  of  Africa  is  extremely 
contagious.  It  is  characterised  by  ulcerous  papules  which  develop 
into  fungus-like  incrustations  of  a  spreading  and  intensely  dis- 
agreeable nature.  Gudger  (1910)  has  called  attention  to  a  very 
early  suggestion  that  flies  carry  the  infection  of  this  disease.  This 
is  contained  in  Bancroft's  Essay  on  the  Natural  History  of  Guiana 
in  South  America  which  volume  was  published  in  I7fi9.  The 
author  states :  "  The  yaws  are  spungey,  fungous,  yellowish,  circular 
protuberances,  not  rising  very  high,  but  of  different  magnitudes, 
usually  between  one  and  three  inches  in  circumference.  These 
infest  the  whole  surface  of  the  body,  and  are  commonly  so  con- 
tiguous that  the  end  of  the  fingers  cannot  be  inserted  between 
them ;  and  a  small  quantity  of  yellowish  pus  is  usually  seen 
adhering  to  their  surface,  which  is  commonly  covered  with  flies 
through  the  indolence  of  the  Negroes.  This  is  a  most  trouble- 
some, disagreeable  disorder,  though  it  is  seldom  fatal.  Almost 
all  the  negroes  once  only  in  their  lives,  are  infected  with  it,  and 
sometimes  the  whites  also,  on  whom  its  effects  are  much  more 
violent.  It  is  usually  believed  that  this  disorder  is  communicated 
by  the  flies  that  have  been  feasting  on  a  diseased  object,  to  those 
persons  who  have  sores,  or  scratches,  which  are  uncovered,  and 
from  many  observations,  I  think  that  this  is  not  improbable,  as 
none  ever  receive  this  disorder  whose  skins  are  whole ;  for  which 
reason  the  Whites  are  rarely  infected,  but  the  backs  of  the  Negroes 
being  often  raw  with  whipping  and  suffered  to  remain  naked,  they 
scarce  ever  escape  it." 

Gudger  (Lc.)  also  calls  attention  to  Kosters'  Travels  in  Brazil 
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in  the  years  from  1809-1815,  published  in  Philadelphia  in  1911  in 
which  this  author  says,  in  reference  to  yaws :  "  This  horrible  dis- 
order is  contracted  by  inhabiting  the  same  room  with  a  patient 
and  bv  inoculation ;  this  is  effected  by  means  of  a  small  fly,  from 
which  every  precaution  is  often  of  no  avail.  Great  numbers  of  the 
insects  of  this  species  appear  in  the  morning,  but  they  are  not 
so  much  seen  when  the  sun  is  powerful.  If  one  of  them  chances 
to  settle  upon  the  corner  of  the  eye  or  mouth,  or  upon  the  most 
trifling  scratch,  it  is  enough  to  inoculate  the  hohas,  if  the  insect 
comes  from  a  person  who  labours  with  the  disease."  In  reference 
to  these  two  statements,  as  in  many  others  where  the  word  "  flies  " 
is  used,  it  may  not  be  M.  domestica  to  which  the  authors  refer,  in 
fact  the  statement  that  the  flies  "  are  not  so  much  seen  when  the 
sun  is  powerful "  militates  against  the  idea,  although  it  does  not 
in  the  least  diminish  the  possibility  of  their  being  active  agents  in 
the  dissemination  of  infected  matter. 

Other  observers  adduce  similar  evidence.  Wilson  (1868)  states 
that  in  the  West  Indies  there  is  a  prevalent  belief  that  flies  convey 
the  disease  from  one  person  to  another.  Two  cases  are  reported 
by  Hirsch  (1896)  for  which  he  believed  flies  were  responsible. 
Both  patients  were  living  among  Fijian  children  who  were  affected 
with  the  disease.  The  necessary  raw  places  for  the  reception  of 
the  infection  were  present,  one  patient  having  an  uncovered  ulcer 
and  the  other  sores  on  his  feet,  both  of  which  exposed  surfaces 
would  attract  flies.  Cadet  (1897)  also  points  out  that  skin  lesions 
such  as  ulcers,  the  bites  of  insects  or  other  animals,  scratches,  etc., 
are  necessary  for  infection  which  may  take  place  and  through 
direct  contact  of  infected  clothes  or  by  means  of  flies  carrying 
the  diseased  secretions  on  their  legs. 

Experimental  evidence  is  brought  forward  by  Castellani  (1907). 
He  allowed  M.  domestica  to  feed  upon  infected  matter  obtained  by 
scraping  slightly  ulcerated  papules.  They  were  also  fed  upon  the 
semi-ulcerated  papules  on  the  skin  of  three  yaw  patients.  In  both 
cases  Spirochaeta  pertenuis,  the  causative  organism  of  this  disease, 
was  found  in  microscopic  preparations  made  from  the  mouth  parts 
and  legs  of  the  flies.  Monkeys  were  also  infected  with  the  disease 
by  allowing  specimens  of  M.  domestica  which  had  been  fed  as  in 
the  previous  cases  to  come  in  contact  with  lesions  made  on  the 
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eyebroAvs  of  the  monkeys.  Castellani  is  of  the  opinion  that  yaws 
is  generally  transmitted  from  person  to  person  by  direct  contact 
but  under  certain  circumstances  it  may  be  conveyed  by  flies  and 
possibly  by  other  insects. 

Robertson  (1908)  took  about  200  flies  which  had  been  captured 
on  yaws  lesions  and  shook  them  up  in  sterile  water.  After  stand- 
ing for  twenty-four  hours  the  water  was  centrifugalized  and  smears 
Avere  made  from  the  precipitate.  In  four  slides  the  organism 
Spirochaeta  pertenuis  were  found. 

In  St  Lucia,  Windward  Islands,  Nicholls  (1912)  after  studying 
the  disease  concluded  that  the  majority  of  cases  of  yaws  in  the 
West  Indies  were  caused  by  the  inoculation  of  surface  injuries  by 
the  fly  Oscinis  pallipes.  This  insect  feeds  on  the  skin  discharges 
of  man  and  other  animals.  The  flies  are  very  persistent  and 
engorge  themselves  with  pus,  blood,  serum  or  sebaceous  secretion. 

Leprosy. 

Experiments  with  flies  and  human  and  rat  lepra  are  recorded 
by  Wheny  (1908).  It  was  found  that  such  flies  as  M.  domestica, 
C  vomitoria  and  Lucilia  caesar  take  up  enormous  quantities  of 
lepra  bacilli  fi'om  the  carcase  of  a  leper  rat  and  deposit  them  with 
their  faeces ;  but  the  bacilli  apparently  do  not  multiply  in  the 
intestinal  tracts  of  the  flies,  as  the  latter  are  clear  of  bacilli  in  less 
than  forty-eight  hours.  Larvae  which  have  hatched  out  in  the 
carcase  of  a  leper  rat  become  heavily  infected  with  lepra  bacilli. 
When  they  are  removed  and  fed  upon  uninfected  meat  they  pass 
out  most  of  the  lepra  bacilli  and  the  flies  hatching  out  ft-om  the 
pupae  of  these  larvae  are  generally  uninfected.  If  the  larvae  of 
C.  vomitoria  be  fed  almost  continuously  on  the  carcase  of  a  leper 
rat  they  remain  heavily  infested  with  lepra  bacilli  and  on  pupating 
such  heavily  infested  specimens  appear  to  be  incapable  of  further 
development. 

A  house-fly,  M.  domestica,  caught  on  the  fece  of  a  human  leper 
was  found  to  be  infected  with  lepra  bacilli.  At  the  beginning  of 
the  observation  these  were  few  in  number  but  on  the  third  day 
more  than  1115  lepra-like  bacilli  were  present  in  each  speck 
deposited.     However,  only  one  bacillus  was  found  in  the  specks 
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deposited  between  the  third  and  sixth  days.  The  acid-proof 
bacilli  in  the  fly  were  not  infective  when  injected  into  the  sul)- 
cutaneous  tissue  of  the  guinea-pig. 

Leboeuf  (1912)  has  studied  the  dissemination  of  the  leprous 
bacillus  by  the  house-fly.     Flies  (M.  domestica)  frequently  settle 
on  leprous  ulcers  left  exposed.     Of  twenty-three  flies  caught  on 
such  ulcers  knoAvn  to  contain  many  bacilli,  nineteen  were  found  to 
contain  the  leprous  bacillus  in  their  intestines.     The  bacilli  were 
sometimes  present  in  very  large  numbers  and  were  excreted  in  the 
faeces  of  the  flies  and  showed  no  signs  of  degeneration  even  after 
a  day  or  more  in  the  intestine  of  the  fly.     Bacilli  Avere  fouiul  in 
flies  caught  in  the  room  and  not  directly  on  the  ulcers  but  they 
occurred  less  frequently  in   such   cases.      The  author  examined 
twenty-three  flies  caught  in  his  own   house  which  was  situated 
about  one  hundred  and  fifty  yards  from  the  hospital  reserved  for 
very  advanced  cases  of  leprosy,  but  in  no  case  did  he  find  the 
leprous  bacillus,  which  he  takes  as  indicating  that  the  range  of 
dissemination  is  not  very  gi-eat.     While  the  foregoing  experiments 
would  indicate  that  M.  domestica  is  capable  of  disseminating  the 
bacillus,  it  apparently  can  be  infected   only   from  patients   who 
present    open    lesions    or    from    infected    discharges.      B.    leprae 
was  not  found  in  twenty-nine  flies  caught  in  rooms  of  patients 
with    only   nervous   symptoms    or   with    unbroken    skin    lesions. 
Lebceuf  concludes :  (1)  that  M.  domestica  is  capable  of  absorbing- 
enormous  quantities  of  the  leprous  bacillus ;  (2)  that  the  bacillus 
is  found  in  large  quantities,  apparently  in  perfect  condition,  in  the 
excrement  of  infected  flies ;  (3)  that  there  does  not  appear  to  be 
any  multiplication  of  the  bacillus  within  the  fly,  but  the  organism 
does  not  seem  to  be  degenerate ;  (4)  that  it  is  possible  that  flies 
passing  from  a  leprous  patient  and  depositing  their  excrement  on 
the  nasal  orifices,  perhaps  during  sleep,  or  upon  raw  cutaneous 
wounds  of  otherwise   healthy  persons   living   in    the    immediate 
neighbourhood  of  leper  patients,  may  disseminate  the  bacilli  in 
this  way. 

Minett  (1911)  has  also  discussed  the  question  as  to  the  dis- 
semination of  leprous  bacilli  by  flies. 

These  experiments  and  observations,  although  conducted  with 
a  comparatively  small  number  of  flies  are,  I  think,  sufficiently 
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conclusive  to  warrant  the  conclusion  that,  under  the  conditions 
indicated  by  Leboeuf,  namely,  abundance  of  flies,  proximity  of 
leprous  ulcers  or  infected  discharges  and  exposed  places  for  in- 
fection on  healthy  persons,  house-flies  are  able  to  transmit  the 
leprous  bacillus. 


Dysentery. 

It  would  appear  to  be  not  improbable  that  flies,  in  view  of 
their  relation  to  typhoid  fever,  should  sometimes  be  agents  in 
the  spread  of  dysentery.  The  etiology  of  this  disease  has  been 
a  matter  of  considerable  controversy  but  it  is  generally  accepted 
now  that  in  the  bacillary  type  of  the  disease  one  of  the  causative 
organisms  is  B.  dysenteriae,  these  organisms  being  regarded  as  the 
cause  of  epidemic  dysentery,  while  in  the  sporadic  or  endemic 
dysentery,  usually  known  as  amoebic  dysentery,  the  causative 
organism  belongs  to  the  Amoeba  gi'oup  of  protozoa,  of  which 
there  are  probably  several  species.  The  possibility  of  flies  carrying 
the  infection  of  both  types  of  disease  appears  to  me  to  be  highly 
probable,  especially  in  the  amoebic  type  of  the  disease.  The 
amoebae  multiply  on  the  intestine  by  fission  and  are  passed  out 
with  the  faeces.  When  the  faeces  become  hard  the  amoebae 
encyst.  It  is  not  unreasonable  to  suggest  in  view  of  positive 
evidence  in  other  cases  of  a  similar  nature,  that  flies  bred  in  or 
feeding  upon  infected  faeces,  might  ingest  the  amoebic  cysts  and 
with  these  infect  food. 

Unfortunately  we  have  no  exact  evidence  as  to  flies  carrying 
dysenteric  infection.  Smith  (1903)  states  :  "  An  old  idea  of  some 
Anglo-Indian  surgeons  was  that  dysentery  could  be  caught  by 
using  the  same  latrine  as  a  dysentery  patient.  There  may  be 
something  in  this... the  ubiquitous  fly  may,  therefore,  be  a 
dysentery  inoculator  in  open  camp  latrines."  While  such  in- 
oculation is  not  unlikely,  the  probability  of  flies  infected  in  the 
latrine  visiting  food  or  patients  in  the  hospital  is  greater.  The 
possibility  of  flies  playing  in  dysentery  a  similar  part  to  that 
Avhich  they  do  in  typhoid  and  cholera  is  refen-ed  to  by  Bergey 
(1907).  An  epidemic  of  one  hundred  and  thirty-six  cases  of 
dysentery  which   occurred   in   an   insane    asylum   at   Worcester, 
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Massachusetts,  U.S.A.,  is  described  by  Orton  (1910)  who  con- 
sidered that  house-flies  were  responsible  tor  the  epidemic.  In 
this  paper  which  contains  interesting  observations  on  the  breeding 
of  the  flies  in  spent  hops  and  malt  barley,  the  author  describes 
experiments  which  were  carried  out  with  a  view  to  testing  his 
hypothesis.  The  possibility  of  infection  being  distributed  in  such 
an  institution  was  appreciated  to  a  greater  extent  owing  to  the 
difficulty  of  confining  the  intestinal  discharges  to  the  proper  place. 
The  clothing  and  bedding  of  the  patients  were  brought  to  the 
laundry  in  which  flies  were  abundant.  In  the  experiments  B.  pro- 
digiosus,  being  easily  recognisable,  was  exposed  in  the  laundry. 
This  bacillus  was  recovered  ft-om  flies  subsequently  at  intervals 
in  other  rooms  of  the  hospital.  Such  results  would  apjjear  to 
indicate  a  strong  probability  of  the  carriage  of  the  dysenteric 
organism  under  similar  conditions  which  were  known  to  exist. 

I  feel  confident  that  further  investigations  into  the  relation 
of  house-flies  to  the  distribution  of  the  causative  organisms  of 
dysentery  of  both  types,  bacillary  and  amoebic,  will  give  positive 
results \ 

Oriental  Sore. 

This  skin  disease  which  is  characterised  by  a  slowly  spreading, 
ulcerating  condition  of  the  skin  is  endemic  in  certain  tropical  and 
sub-tropical  regions  such  as  Northern  Africa,  Sahara  (Biskra), 
Egypt,  Asia  Minor,  Mesopotamia  (Bagdad)  and  India.  Wright  in 
1903  discovered  the  so-called  Leishman  parasites  in  the  granula- 
tion cells.  Manson  also  discovered  the  same  organism  in  cases  of 
oriental  sore  and  considered  them,  or  a  parasite  morphologically 
identical,  as  the  causative  organism  of  the  sore  and  the  latter 
investigator  (1907)  suggested  that  flies,  bugs  or  other  insects 
might  be  responsible  for  the  indirect  method  of  infection. 

1  Krontowski  (1913)  infected  the  larvae  of  various  flies  including  J/,  domentica 
with  B.  dyaenteriae  and  allowed  them  to  pupate.  An  examination  of  the  faeces  of 
the  resulting  flies  gave  negative  results.  The  author  elaborated  Auche's  experi- 
ments with  adult  flies  and  came  to  the  conclusion  that  the  bacteria  can  retain  their 
virulence  when  on  the  feet  or  proboscis,  or  in  the  alimentary  tract  of  the  fly,  whence 
they  are  eventually  voided  with  the  excreta.  Wherever  flies  have  free  access  to 
food  and  to  infected  human  faeces  the  danger  of  dysentery  and,  according  to 
Krontowski,  epidemic  typhus  is  great. 
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Wenyon  (1911)  has  recently  made  a  very  thorough  study  of 
oriental  sore  in  Bagdad  in  which  he  investigated  the  possible 
relation  of  house-flies  to  the  disease.  He  found  that  house-flies 
appeared  to  diminish  in  numbers  to  some  extent  during  the  hottest 
part  of  the  summer  when  the  maximum  shade  temperature  reached 
110°  F.  Flies  swarm  about  the  faces  of  the  children,  especially 
those  having  the  sore.  Such  flies  collected  from  the  face  of  a 
child  suffering  from  an  ulcerating  type  of  sore  are  found  to  have 
the  intestine  filled  with  the  exudation  of  the  sore  in  which  the 
parasites  (Leishmania  tropica)  were  readily  found.  Such  a  fly 
feeding  immediately  afterwards  upon  some  fresh  abrasion  of  the 
skin  must  certainly  in  a  number  of  instances  inoculate  the  sore 
parasite.  The  parasite  could  not  be  found  in  the  intestines  of 
Stomoxys  feeding  on  the  faces  of  children  with  sores.  In  infection 
experiments  with  house-flies  no  evidence  of  the  development  of 
the  sore  parasite  could  be  found  and  they  seemed  to  disappear 
quickly.  Wenyon  concludes  that  the  limited  distribution  of  the 
disease  and  the  widespread  prevalence  of  the  house-fly  would  not 
appear  to  confirm  the  view  held  by  some  authorities  that  the 
house-fly  is  the  normal  carrier  of  the  disease  organism. 

In  discussing  tropical  sore  Nuttall  and  Jepson  (1910)  record 
Seriziat's  assertion  that  flies  convey  "  Bouton  de  Biskra."  In  his 
study  of  the  disease  at  Biskra,  Laveran  (1880)  found  that  from 
September  to  October  the  slightest  wound  tends  to  become  a  sore. 
He  has  seen  it  develop  from  small  pimples  and  pustules  and  fi-om 
wounds  caused  by  burns  or  blisters.  He  believed  that  flies  carried 
the  virus  on  their  feet  and  proboscides  and  thus  distributed 
infection. 

There  is  no  doubt  that  in  tropical  countries  the  organism  of 
the  various  types  of  sore  can  be  mechanically  transferred  by  flies 
from  the  granulated  areas  to  new  wounds  and  thereby  inoculate 
the  same.  Its  spread  by  flies  would  be  governed  by  their 
abundance,  by  the  viability  of  the  organism  of  the  fly  and  the 
opportunities  for  obtaining  and  distributing  infection.  In  this 
connection  the  observations  of  Patten'  (1912)  are  of  interest. 
Referring  to  an  idea  entertained  by  some  workers  at  one  time 

-  The  Etiology  of  Kala-Azar,  Nature,  Vol.  lxxxix.  pp.  306—308,  1912. 
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that  flies  might  act  as  one  of  the  carriers  of  the  tropical  disease 
Kala-Azar,  a  disease  caused  by  a  species  of  Leishnuinia,  he  stated 
that  two  years  ago  he  had  fed  a  large  number  of  bred  house-flies 
(Masca  nebula,  an  Indian  species)  on  fresh  splenic  juice  and  had 
found  that  the  parasites  disappeared  from  the  alimentary  tract  in 
a  few  hours.  It  was  difficult,  therefore,  to  understand  how  the 
parasite  could  be  transmitted  in  this  way.  Such  an  observation 
was  against  the  theory  that  flies  feeding  upon  the  discharge  from 
an  ulcerated  sore  might  carry  the  infection.  In  another  paper 
Pat  ton  (1912)  gives  further  details  and  states  that  flies  fed  upon 
the  discharge  from  the  sores  and  afterwards  on  abrasions  or 
scratches  did  not  produce  the  sore  although  the  experiment  was 
carried  out  daily  for  about  a  month.  The  same  investigator  has 
since  brought  forward  very  conclusive  evidence  as  to  the  organism 
being  carried  by  the  bed-bug. 

Syphilis. 

I  have  been  able  to  discover  one  reference  only  to  the  possi- 
bility of  flies  acting  as  agents  in  the  spread  of  this  disease  by  the 
mechanical  transfer  of  the  Spi7'ochaeta,  the  syphilitic  organism, 
from  a  patient  to  a  healthy  person.  Dr  Kerr  of  Morocco,  in  a 
paper  on  "  Some  Prevalent  Diseases  in  Morocco,"  read  before  the 
Glasgow  Medico-chirurgical  Society  (Dec.  7th  1906),  described 
epidemics  of  syphilis,  where,  according  to  the  author,  the  disease 
was  spread  by  flies  which  had  been  feeding  upon  the  open  sores  of 
a  s\"philitic  patient. 


CHAPTER  XXIV 

MISCELLANEOUS  EXPERIMENTS  ON  THE  CARRIAGE  OF 
MICRO-ORGANISMS  BY  FLIES,  BY  BOTH  NATURAL  AND 
ARTIFICIAL   INFECTION 

In  addition  to  the  experimental  evidence  which  has  accumu- 
lated on  the  relation  of  flies  to  specific  diseases,  there  are  also  on 
record  a  considerable  number  of  experiments  on  the  carriage  of 
various  micro-organisms,  not  in  every  case  pathogenic,  by  flies. 
As  these  experiments  have  usually  some  particular  interest  I  have 
brought  together  such  as  seemed  worthy  of  record. 

I  have  previously  recorded  (1910)  a  very  interesting  series  of 
experiments  carried  out  in  1908  by  Glissow.  Their  particular 
interest  lies  in  the  fact  that  they  clearly  demonstrate  the  varied 
bacterial  and  fungal  flora  which  the  house^y  normally  carries. 

Gllssow's  experiments  were  as  follows : 

E.rperiment  No.  1. 

A  fly  was  caught  in  his  living  room  (Norwood,  London)  at  10  a.m.  on 
May  4th  and  allowed  to  walk  over  nutrient  agar-agar  in  a  Petri  dish ;  the 
necessary  precautions  being  taken  to  prevent  extraneous  infection  of  the 
medium.  The  Petri  dish  was  placed  in  an  incubator  and  kept  at  28 — 30°  C. 
At  6  p.m.  on  the  same  day  there  were  plain  indications  of  colonies  forming, 
but  they  were  too  small  to  allow  a  separation  count. 

May  5th,  10  a.m.       7  colonies  of  bacteria  and  4  of  fungi  showing. 
„      6th,  10  a.m.     16  „  „  5  „ 

„      7th,  10  a.m.     23  „  „  6  „ 

„      8th,  10  a.m.     30  „  „  6  „ 

That  i.s,  in  96  hours,  30  colonies  of  bacteria  and  6  colonies  of  fungi  were 
observed. 

The  fungi  were  examined  and  identified  as  follows : 
2  colonies  of  Saccharomyces  sp. 
2  „  Penicillmm  ylaucum 

1    colony   of   Aspergillus  niger 
1  „  Cladosporium  herbanim 
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The  bacteria  were  roniovetl  in  th(>  nnlitiury  manner  and  were  sub-cultured, 
plated  out  and  identitied  as  follows : 
Micrococcus  ureae 
Bacillus  snhtilis  ... 
Bacillus  coll  commwie  ... 
Sarcina  lutea 
Bacilli  stained  by  Gram 
Bacilli  not  stained  by  (Jram.. 

Experiment  No,  2. 

A  fly  was  caught  at  11.30  a.m.  on  May  4th  out  of  doors  on  Central  Hill, 
Norwood,  London,  and  was  allowed  to  walk  over  nutrient  agar-agar  at 
12  o'clock  noon. 

May  4th,    6  p.m.     Colonies  were  plainly  forming. 
„      5th,  10  a.m.     13  colonies  of  bacteria  and  6  colonies  of  fungi. 
„      6th,  10  a.m.     21  „  „  7  „ 

„      7th,  10  a.m.     39  „  „  7  „ 

„      8th,  10  a.m.     46  „  „  7  „ 

That  is,  in  94  hours,  46  colonies  of  bacteria  and  7  colonies  of  fungi  were 
obtained  from  thi.s  fly  No.  2.     The  fungi  were  identified  as  follows: 

2  colonies  of  Macrosporium  .sp. 

3  „  Penicillium  glaucum 

1    colony   of   Cladosporium  herharum 

1  „  Fusarium  roseum 

The  bacteria  after  being  sub-cultured  and  plated  out  were  identified  as: 
Bacillus  tumesceiis         ...         ...     18  colonies 

Micrococcus  pyogenes  aureus    ...       9         „ 

Sarcina  lutea      2         „ 

Sarcina  ventriculi  ...         ...       1  colony 

Bacillus  amylohacter      ...         ...       4  colonies 

Acid-fast  bacillus  ...         ...       1  colony 

Bacilli  stained  by  Gram  ...       4  colonies 

Bacilli  not  stained  by  Gram  ...       7         „ 

Experiment  No.  3. 

This  experiment  was  perhaps  the  most  interesting  of  the  three  as  the  fly 
was  captured  at  10.30  a.m.  on  May  4th  on  a  dust-bin  (Norwood,  London),  a 
situation  in  which  flies  are  frequently  found.  It  was  allowed  to  walk  over 
the  surface  of  nutrient  agar-agar. 

May  4th,    6  p.m.     Signs  of  colonies  observed. 
„      5th,  10  a.m.       18  colonies  of  bacteria  and    7  colonies  of  fungi. 
„     6th,  10  a.m.       58  „  „  9  „ 

„      7th,  10  a.m.     113  „  „  10  „ 

„     8th,  10  a.m.     116  „  „  10  „ 
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That  is,  after  95 J  hom-s,  116  colonies  of  bacteria  and  10  colonies  of  fungi 
were  obtained  from  this  single  fly.     The  fungi  were  identified  as: 

Penicillhmi  glaucum     4  colonies 

Eurotium  sp 1  colony 

Saccharomyees  sp 2  colonies 

Fusarium  roseum  1  colony 

Aspergillus  niger  ...  ...       1       ,, 

Mncor  nicemosa  ...         ...  ...       1       „ 

The    bacteria    after    having    been    sub-cultured    and    plated    out    were 

identified  as : 

Daeillus  coli  commune  ... 

Bacillus  subtilis... 

Bacillus  tumescens 

Bacillus  lactis  acidi 

Sarcina  lutea 

Sarcina  ventriculi 

Micrococcus  pyogenes  aicreus    ... 

Micrococcus  ureae 

Acid-fast  bacilli... 

Bacilli  stained  by  Gram 

Bacilli  not  stained  by  Gram... 

The  extremely  large  number  and  preponderance  of  bacilli 
carried  by  this  fly  No.  3  shows  very  strikingly  the  infection  which 
a  fly  frequenting  such  miscellaneous  household  refuse  as  is  con- 
tained in  the  average  household  dust-bin  or  garbage  may  carry,  and 
the  results  of  such  careful  experiments  as  those  which  are  recorded 
above  demonstrate  clearly  not  only  that  flies  normally  carry  about 
the  spores  of  fungi  and  bacteria  and  the  extra  infection  which  they 
obtain  by  frequenting  refuse,  but  also  their  liability  to  carry  and 
disseminate  such  bacteria,  pathogenic  and  non-pathogenic,  with 
which  they  may  come  into  contact  in  their  wanderings. 

Manning  (1902)  obtained  cultures  of  the  following  bacteria 
from  infected  flies :  B.  pyocyaneus,  Staphylococcus  pyogenes  aureus, 
B.  typhi-ahdominalis,  and  B.  coli  commune. 

If  flies  have  access  to  wounds  of  an  inflammatory  and  suppu- 
rative nature  they  are  liable  to  transport  the  Staphylococci  to 
other  spots.  Buchanan  (1907)  allowed  M.  domestica  to  walk  over 
a  film  of  Staph ylococciis  pyogenes  aureus  from  an  abscess,  and  after- 
wards over  agar ;  a  mixed  growth  resulted,  in  which  S.  pyogenes 
aureus  predominated.  Buchanan  (I.e.)  also  experimented  with  the 
bacillus  of  swine  fever.    Nine  blow-flies  (C.  vomitoria)  were  caught 
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on  the  carcases  of  pigs  which  had  died  from  swine  fever  during 
an  epidemic  in  1905.  Each  fly  was  allowed  to  walk  over  an  agar 
culture  plate  for  about  one  minute.  From  one  of  the  plates  the 
bacillus  of  swine  fever  was  isolated.  The  flies  were  swarming  on 
the  carcases  of  the  dead  animals  and  were  frequently  seen  to  pass 
directly  from  each  source  of  infection  to  the  feeding  troughs  of 
the  pigs. 

Staphylococci  were  found  by  Joly  (1898)  on  a  house-fly  caught 
in  the  laboratory.  Celli  {I.e.)  also  records  experiments  which 
indicated  that  8. pyogenes  aureus  retains  its  virulence  after  passing 
through  the  intestine  of  the  fly. 

Reference  has  been  previously  made  to  experiments  with 
Bacillus  procligiosus  which  was  used  on  account  of  its  suitability 
in  the  case  of  experiments  with  flies,  being  non-pathogenic,  non- 
spore-bearing  and  easily  recognisable.  There  are  a  number  of 
records  of  other  experiments  on  the  carriage  of  the  bacillus  by  flies. 

Abel  (1899,  cited  by  Nuttall  and  Jepson)  refers  to  an  experi- 
ment of  Otto  Helm  in  1875  who  stated  that  the  slimy  masses 
containing  the  bacillus  " Monas  prodigiosus"  are  easily  conveyed 
from  one  food  substance  to  another.  Abel  placed  cultures  of  B.  pro- 
digiosus and  clean  potatoes  in  different  parts  of  a  room.  To  the 
potatoes  he  added  putrid  meat  so  that  the  odour  would  attract 
the  flies.  After  2 — 3  days  colonies  of  B.  prodigiosus  appeared  in 
all  the  potatoes.  Negative  results  were  obtained  when  the  room 
was  rid  of  flies.  Similar  experiments  by  Burgess  are  mentioned 
by  Hart  and  Smith  (1898).  Flies  were  fed  on  material  containing 
B.  prodigiosus  and  then  allowed  to  fly  in  a  large  room.  After 
a  few  hours  the  flies  were  recaptured  and  allowed  to  walk  over 
slices  of  sterilised  potato  on  which  colonies  of  the  bacillus  subse- 
quently developed.  Abel  records  two  instances  in  which  he 
observed  spontaneous  infection  of  food  by  flies  in  houses  where 
they  were  abundant.  Flies  were  captured  in  these  houses  and 
placed  singly  in  tubes  containing  sterilised  potato.  Seven  of 
twenty-eight  flies  so  captured  in  one  house  gave  B.  prodigiosus 
and  a  similar  positive  result  Avas  given  by  three  out  of  thirty-three 
flies  caught  in  the  other  house.  Abel  accordingly  points  out  the 
possibility  of  flies  carrying  the  bacilli  of  typhoid  and  cholera  in  a 
similar  manner. 

19—2 
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In  1907  experiments  were  carried  out  by  Dr  M.  B.  Arnold 
and  myself  with  B.  prodigiosus.  Flies  which  had  just  emerged 
from  the  pupae,  and  therefore  not  already  contaminated  with  an 
extensive  bacterial  flora,  were  allowed  to  walk  over  a  film  of  the 
bacillus,  after  which  they  were  confined  to  sterile  glass  tubes.  At 
varying  periods  they  were  taken  out  and  allowed  to  walk  over  the 
culture  plates.  Those  contained  for  over  twelve  hours  retained 
the  bacillus  on  their  appendages  and  transferred  them  subse- 
quently to  the  culture  media,  but  they  were  not  recovered  from 
those  flies  which  were  kept  in  confinement  for  twenty-four  hours ; 
a  large  number  of  flies,  however,  were  not  used. 

In  discussing  the  relation  of  flies  to  typhoid  fever  reference  v/as 
made  to  the  infection  of  milk.  In  this  connection  an  interesting 
investigation  was  made  by  Esten  and  Mason  (1908)  on  the  role 
which  flics  play  in  the  carriage  of  bacteria  to  milk. 

The  flies  were  caught  by  means  of  a  sterile  net ;  they  were 
then  introduced  into  a  sterile  bottle  and  shaken  up  in  a  known 
quantity  of  sterilised  water  to  wash  the  bacteria  from  their  bodies 
and  to  simulate  the  number  of  organisms  that  would  come  from 
a  fly  falling  into  a  quantity  of  milk.  They  summarised  their 
results  in  the  table  given  on  the  opposite  page. 

While  the  counts  of  the  bacteria  can  only  be  considered  as 
comparative  the  results  indicate  clearly  the  nature  of  the  source 
of  infection.  Commenting  on  these  results  the  authors  state  that 
"  early  in  the  fly  season  the  numbers  of  bacteria  are  comparatively 
large.  The  place  where  flies  live  also  determine  largely  the 
numbers  they  carry." 

Polioinyelitis. 

Experiments  have  been  carried  on  and  are  being  continued  by 
Flexner  and  Clarke  (1911)  on  the  contamination  of  the  house-fly 
with  the  virus  of  poliomyelitis,  more  generally  known  as  infantile 
paralysis  or  spinal  meningitis.  It  was  found  that  flies  contaminated 
with  the  virus  of  poliomyelitis  harboured  the  virus  in  a  living  and 
infectious  state  for  at  least  forty-eight  hours.  It  was  not  shown 
that  this  is  the  limit  of  the  period  of  survival  and  the  experiments 
threw  no  light  on  the  question  as  to  whether  the  virus  is  retained 
merely  as  a  superficial  contamination  or  whether  it  could  survive 
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in  the  fly's  gut.  Further  experiments  recorded  by  Howard  and 
Clarke  (1912)  demonstrated  that  M.  domestica  retained  the  virus 
either  in  or  on  their  bodies  for  at  least  twenty-four  and  forty-eight 
hours  respectively.  They  also  showed  that  the  virus  may  remain 
in  a  viable  condition  in  the  alimentary  tract  of  the  fly  for  at  least 
six  hours.  The  possibility  of  flies  obtaining  infection  from  the 
infected  discharges  from  the  nose  and  throat  or  intestine  is 
indicated.  Further  reference  to  the  transmission  of  this  disease 
is  made  under  Stomoxys  calcitrans. 

Trypanosomes. 
On  account  of  its  non-blood-sucking  habits,  feAv  experiments 
have  been  carried  out  with  a  view  to  demonstrating  the  possibility 
of  M.  domestica  caiTying  Trypanosomes.  Reference  has  already 
been  made  to  investigations  on  the  relation  of  flies  to  the  allied 
organisms  causing  Tropical  Sore.  Experiments  are  recorded^  in 
which  M.  domestica  was  fed  for  3 — 4  minutes  on  blood  ft'om  a 
guinea-pig  infected  with  Trypanosoma  hippicum;  after  an  interval 
of  about  30  seconds  the  flies  were  placed  over  the  scratched  skins 
of  mules  for  about  five  minutes  and  it  was  demonstrated  that  this 
trypanosome  may  be  transmitted  by  the  flies-. 

Surra. 
Mitzraain  (1913)  states  that  in   experiments  w^ith  Stomoxys 
calcitrans  and  live  stock,  Surra  organisms  have  been  demonstrated 
in  the  mouth  parts  and  stomachs  of  house-flies. 

Danysz  virus. 
An  interesting  experiment  on  the  carriage  of  Danysz  rat  virus 
was  carried  out  by  Graham-Smith  (1910).  Flies  artificially  infected 
with  the  virus  by  feeding  were  allowed  to  settle  and  feed  on  a 
piece  of  bread  soaked  in  milk.  After  one  hour  the  bread  was 
given  to  a  mouse.  A  mouse  which  had  fed  upon  bread  given  to 
flies  forty-eight  hours  after  infection  died  in  two  days  and  the 
virus  was  isolated  from  the  spleen;  another  mouse  fed  on  bread 
given  to  the  flies  four  days  after  infection  died  in  tw^o  days.     In 

1  Report  Dept.  Sanit.  Isthmian  Canal  Comm.,  Dec.  1911,  pp.  42,  43. 

-  The  possibility  of  M.  domestica  acting  as  a  vector  of  T.  hippicum  is  con- 
vincingly treated  by  Darling  (191.3)  who  suggests  that  more  attention  be  paid  to 
the  possible  relation  of  M.  domestica  to  trypanosome  diseases. 
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another  experiment  a  mouse  was  fed  on  bread  soaked  in  an 
emulsion  of  the  flies'  faeces  passed  about  forty-eight  hours  after 
infection  and  scraped  from  the  walls  of  the  cage.  The  mouse  died 
in  two  days  and  the  organism  was  isolated  from  it.  These  experi- 
ments showed  that  flies  which  have  fed  on  the  virus  are  capable 
of  infecting  to  so  great  an  extent  food  mi  which  they  settle  and 
feed  that  mice  fed  "U  it   became  infected. 

Rabies. 

Experiments  with  a  view  to  discovering  whether  flies  would 
carry  the  virus  of  rabies  obtained  during  the  larval  state  have 
been  earned  out  by  Fermi  (1911).  In  the  first  series  of  experi- 
ments the  author  fed  fly  larvae  on  the  brains  of  rabies  cases  and 
then  tested  their  virulence  by  emulsifying  and  injecting  subcu- 
taneously.  In  a  second  series  a  fixed  virus  and  fly  larvae  were 
rubbed  into  an  emulsion  and  likewise  injected  subcutaneously. 
The  results  indicate  that  rabies  virus  cannot  be  transmitted 
through  fly  larvae.  It  appears  that  the  fly  emulsion  has  an 
attenuating  effect  upon  a  fixed  virus,  either  through  its  direct 
action  upon  the  virus  or  through  its  indirect  action  upon  the 
organism.  It  possesses  no  absolute  lyssicidal  power  since  a  virus 
mixed  with  fly  larvae  emulsion  is  found  to  be  virulent  when 
administered  subdurally. 

Fungal  spores. 

In  the  experiments  of  Giissow,  already  mentioned,  it  was  shown 
that  flies  normally  cany  the  spores  of  moulds  such  as  Penicillium, 
Eurotiuni,  Mucor,  yeasts,  etc.  Consequently  their  fi'equent  in- 
fection of  food  materials,  which  may  be  observed  if  attention  is 
given  to  the  matter,  is  readily  understood.  Gayon  (1903)  also 
cultivated  several  species  of  moulds  from  flies  which  he  caught 
and  dropped  into  nutrient  gelatin.  Experimenting  with  yeasts, 
Graham-Smith  (1910)  found  that  the  yeast  organisms  did  not 
appear  to  survive  for  more  than  a  few  hours  on  the  legs  and  wings, 
but  that  they  could  be  found  in  cultures  of  the  crop  and  intestine 
for  at  least  three  days,  and  were  present  in  the  faeces  48  hours 
after  the  fly  had  been  infected. 

Cobb  (1906)  made  studies  of  the  extent  to  which  flies  trans- 
ported the  spores  of  a  fungus  attacking  sugar  cane.     The  feet  of 
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a  fly  which  had  been  feeding  upon  the  spores  of  this  fungus  left 
tracks  of  fungal  spores  on  the  sides  of  the  glass  vessel  in  which 
it  had  been  contained.  The  spores  from  five  of  the  tracks  were 
calculated  and  the  number  of  spores  per  track  was  estimated  to  be 
860,000.  The  possibility  of  the  spores  being  carried  by  flies  in 
this  way  was  indicated  by  the  fact  that  such  spores  germinated 
under  suitable  conditions. 

Bacteria  on  flies  cajitured  tinder  natural  conditions. 

In  addition  to  the  investigation  of  Giissow,  which  I  have 
recorded  at  the  beginning  of  this  chapter,  a  series  of  carefully 
conducted  experiments  has  been  carried  out  by  Cox,  Lewis  and 
Glynn  (1912)  with  a  view  to  ascertaining  the  number  and  varieties 
of  bacteria  carried  by  flies  infected  under  natural  conditions  in 
sanitary  and  unsanitary  city  districts  in  Liverpool.  The  flies  were 
captured  in  sterilised  wire  traps  which  were  exposed  for  twenty- 
four  hours.  Flies  from  various  districts  were  allowed  to  swim  in 
measured  quantities  of  sterile  water  to  simulate  the  pollution  of 
liquids  when  flies  fall  into  them  and  to  estimate  the  rate  at  which 
the  bacteria  are  given  off.  This  experiment  also  served  to  indicate 
the  comparative  number  of  bacteria  set  free  from  the  bodies  of  flies 
from  dirty  or  more  cleanly  areas.  The  same  flies  were  afterwards 
ground  up  in  a  sterile  mortar  with  a  sterile  pestle  to  find  the 
gi-oss  number  of  bacteria  carried  on  and  in  a  fly  and  to  ascertain 
whether  the  number  carried  inside  a  fly  is  always  greater  or  less 
than  the  number  set  fi-ee  even  after  struggling  in  a  liquid  for 
30  minutes.  Over  450  naturally  infected  flies  were  caught  during 
September  and  the  early  part  of  October  1911  in  different  parts 
of  the  city  of  Liverpool  and  the  number  and  kinds  of  bacteria 
carried  and  contained  by  them  were  investigated.  Their  experi- 
ments showed  that : 

1.  The  number  of  bacteria  derived  from  flies  while 
struggling  in  a  liquid  may  be  very  large  and  increase  with 
the  time  they  remain  in  the  liquid.  The  number  of  bacteria 
varies  from  2000,  the  lowest  figure  for  five  minutes,  to 
350,000,  the  highest  figure  for  30  minutes.  This  number 
niay  be  taken  as  a  measure  of  their  capacity  to  pollute 
liquid  with  their  vomit,  excreta  or  bodies.     The  number  of 
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bacteria  carried  inside  the  fly  is  very  much  greater  tliaii 
those  carried  externally. 

2.  Flies  caught  in  insanitary  or  congested  areas  of  the 
city  carried  and  contained  fai-  more  bacteria  (aerobic), 
including  those  of  the  intestinal  group,  than  flies  from  tho 
more  sanitary,  that  is,  cleaner,  less  congested  or  su])urban 
districts.  The  number  of  aerobic  bacteria  obtained  from 
flies  caught  in  insanitary  districts  varied  from  800,000  to 
500,000,000  per  fly  ;  flies  from  the  cleaner  or  less  congested 
areas  gave  from  21,000  to  100,000  bacteria  per  fly. 

3.  Flies  caught  in  the  dwelling  rooms  of  different 
corporation  houses  forming  two  sides  of  a  street  about 
400  yards  long  which  constituted  a  sanitary  "  oasis  "  in  the 
middle  of  a  slum  district  carried  and  contained  less  bacteria 
of  all  kinds  than  those  from  the  dwelling  rooms  of  a  street 
with  insanitary  property  on  each  side. 

4.  The  number  of  intestinal  bacteria  as  indicated  by 
glucose  bile  salt  fermenters  is  greater  in  insanitary  or  con- 
gested areas,  where  they  vary  in  number  from  10,000  to 
3^33,000,000  than  in  the  more  sanitary  areas  where  from 
100  to  10,000  are  carried  per  fly. 

5.  Pathogenic  bacteria  and  those  allied  to  the  food- 
poisoning  group  were  only  obtained  from  the  congested  or 
moderately  congested  areas  and  never  from  the  suburban 
districts. 

6.  Flies  caught  in  milk  shops  apparently  carry  and 
contain  more  bacteria  than  those  from  shops  with  exposed 
food  in  a  similar  neighbourhood.  The  authors  attribute 
this  fact  to  the  milk  being  a  suitable  culture  medium  for 
bacteria  after  having  been  inoculated  by  the  flies,  later  they 
re-inoculate  themselves. 

7.  A  comparison  of  the  number  of  bacteria  carried  by 
flies  and  blue-bottles  caught  in  an  eating-house  opposite  to 
slaughter-houses  showed  that  the  latter  carried  a  much 
greater  number. 
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The  morphological  characters  and  cultural  reactions  of  123 
strains  of  bacteria  were  examined  by  the  authors.  Among  those 
identified  were  two  Streptococci  and  several  Staphylococci  and 
Sarcinae.  One  hundred  and  six  were  small  gram-negative  non- 
spore-bearing  bacilli ;  these  were  grouped  as  follows  : 

Chromogenic  group :  two  sti'ains  of  B.  pgocyaneus  were 
isolated  from  flies  from  a  knackers'  yard. 

Colon  group :  41  colonies  of  this  group  were  picked  off 
haphazard  and  classified  according  to  McConkey  as  follows : 
B.  acicli  lactici  type  ...     19'5  percent. 

B.  coll  communis  type        ...      122    ,,       „ 
B.  neapolitanus  type  ...     19'5    „       ,, 

B.  lactis  aerogenes  type     ...     46'4    „ 
Salmonella  group:  one  bacillus  gave  identical  reactions 
to  B.  enteritidis  Gaertner,  except  that  the  serological  tests 
were  negative. 

Morgans  Infantile  Diarrhoea  group :  one  identical  to 
Morgan's  No.  1,  and  many  others  closely  resembling  it  and 
Morgan's  Nos.  2  and  3  were  obtained. 

Others  were  included  in  the  proteolytic,  acid  lactose- 
sucrose  (saccharose),  and  miscellaneous  groups. 
The  authors  conclude  :  "  It  is  clear  that  flies  from  the  suburbs 
where  infantile  diarrhoea  is  rare  carry  far  less  bacteria  than  those 
in  the  city  where  it  is  common.  It  was,  nevertheless,  impossible 
in  the  time  at  our  disposal  to  correlate  exactly  the  number  or 
varieties  of  bacteria  carried  by  flies  in  the  city  with  the  number 
of  cases  and  deaths  from  infantile  diarrhoea  in  individual  sti'eets. 

"  As  the  amount  of  dirt  carried  by  flies  in  an}'  particular 
locality,  measured  in  terms  of  bacteria,  bears  a  definite  relation  to 
the  habits  of  the  people  and  the  state  of  the  streets  it  demon- 
strates the  necessity  of  efficient  municipal  and  domestic  cleanliness 
if  the  food  of  the  inhabitants  is  to  escape  pollution,  not  only  with 
harmless  but  also  with  occasional  pathogenic  bacteria." 

In  his  study  of  the  micro-organisms  carried  by  flies  under 
normal  conditions  to  which  reference  has  already  been  made 
(p.  245),  Graham-Smith  found  that  more  than  one-third  of  all 
the  flies  examined  were  infected  with  lactose-fermenting  bacilli  of 
the  colon  type. 
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Intestinal  Protozoa. 

Stiles  (1913)  in  an  interesting  note  refers  to  the  possibility 
of  flies  transferring  intestinal  protozoa  such  as  Entamoeba  coli, 
Lamhlia  duodenalis  or  Trichomonas  intestinalis  from  faecal  material 
to  food  supplies.  He  suggests  that  the  presence  of  such  protozoa 
in  food  supplies  might  be  taken  as  an  indication  of  contamination^ 
The  possibility  of  flies  becoming  infected,  owing  to  their  habits, 
with  intestinal  amoebae  has  also  been  discussed  by  Converse 
(1910)  and  others. 

In  considering  experiments  on  artificially  infected  flies  it 
should  be  remembered  that  the  flies  are  enabled  to  obtain,  in 
most  cases,  a  much  grosser  infection  than  they  might  be  able  to 
obtain  under  natural  conditions.  Further,  many  factors  which 
might  possibly  aftect  the  degree  of  infectivity  under  natural 
conditions  have  not  exercised  possible  adverse  influences.  Pending 
the  results  of  further  investigations  therefore,  experiments  which 
have  been  carried  out  under  unusually  favourable  artificial  condi- 
tions must  be  considered  in  conjunction  with  those  performed 
under  natural  conditions,  which  are  chiefly  recorded  in  the  accounts 
given  of  the  various  specific  diseases.  The  experiments  of  Giissow 
and  of  Cox,  Lewis  and  Glynn  which  have  been  described  in  this 
section  admirably  demonstrate  the  nature  and  extent  of  natural 
infection. 

1  Stiles  and  Keister  (1913)  have  investigated  this  matter  further  with  the  result 
that  they  have  arrived  at  the  conclusion  that  the  evidence  that  flies  commonly 
act  as  carriers  of  the  spores  of  intestinal  protozoa  is  not  very  conclusive. 


CHAPTER  XXV 

THE   EELATIOX   OF   FLIES   TO   MYIASIS   AND   TO   THE 
SPREAD   OF   INTESTINAL  WORMS 

Myiasis, 

The  occurrence  of  the  larvae  or  maggots  of  flies  of  different 
species  in  the  human  body,  where  they  most  commonly  are  found 
in  the  intestinal  tract  and  less  frequently  in  the  urinary  passages, 
usually  leads  to  a  diseased  condition  to  which  the  term  Myiasis  is 
applied.  For  many  years  cases  of  mpasis  have  been  recorded 
and  references  to  such  cases  are  widely  scattered  through  medical 
and  scientific  literature.  In  a  large  number  of  instances,  especially 
in  the  cases  of  the  earlier  records,  the  identity  of  the  species 
of  larva  was  not  determined  and  in  fact,  until  recently,  the 
determination  of  dipterous  larvae  was  a  matter  of  considerable 
difficulty  owing  to  our  lack  of  knowledge  of  the  developmental 
histories  of  even  the  commoner  species. 

In  a  recent  brief  review  of  our  knowledge  (1912)  I  have 
collected  a  number  of  the  more  important  and  typical  cases  of 
myiasis  of  the  intestinal  and  urinary  tracts.  Austen  (1912)  has 
also  recorded  in  a  very  complete  and  excellent  account  instances 
of  British  flies  which  have  been  found  in  cases  of  myiasis  in  man, 
to  which  account  I  am  indebted  for  many  of  the  cases  to  which 
reference  will  be  made. 

The  species  whose  larvae  have  been  recorded  as  causing 
myiasis  in  man  are  as  follows: 

The  House-fly,  Musca  domestica. 

The  Lesser  House-fly,  Fannia  canicularis. 

The  Latrine  fly,  Fannia  scalaris. 
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The  Blow-flies  and  Blue-  or  Green-bottle  flies,  CaUiphora 

spp.,  Lucilia  spp.  and  Sarcophaga  spp. 
Muscina  stabulans. 

The  Root  Maggot  fly,  Anthomyia  radicum. 
The  Cheese  Maggot  fly,  Piophila  casei. 
The  Drone  fly,  Eristalis  tenax. 
Thereva  sp. 

The  House-fly,  Musca  domestica. 

In  view  of  the  abundance  of  this  species  and  its  habits  it 
is  somewhat  remarkable  that  it  has  not  been  more  frequently 
recorded  in  cases  of  intestinal  myiasis.  Austen  states  that  only 
two  cases  have  been  brought  to  his  notice ;  in  both  cases  the 
larvae  occurred  in  infants.  In  one  case,  the  larvae  of  Musca 
domestica  were  "voided  from  the  alimentary  canal  of  a  male  infant 
aged  seven  months "  together  with  the  larvae  of  Fannia  cani- 
cidaris.  The  larvae  were  of  different  ages.  Larvae  of  M.  domestica 
have  been  found  by  me  (1909)  in  the  stools  of  a  child.  Cohn 
(1898)  also  records  the  occurrence  of  the  eggs  in  like  material. 
Nicholson  (1910)  records  three  cases  of  intestinal  rectal  myiasis ^ 

The  Lesser  House-fly,  Fannia  canicularis,  and 
the  Latrine  fly,  F.  scalaris. 

These  two  species  would  appear  to  be  most  common  in  cases  of 
myiasis  of  the  intestinal  and  urinary  tracts.  As  long  ago  as  1839 
Jenyns  recorded  the  case  of  a  clergyman  about  70  years  of  age, 
who  complained  of  general  feebleness,  loss  of  apjDetite  and  a 
disagreeable  epigastric  feeling  of  a  tremulous  character.  These 
symptoms  began  in  the  spring  of  1836  and  it  was  not  until  the 
autumn  that  the  larvae  were  observed.  They  were  expelled 
repeatedly  in  large  numbers  and  their  expulsion  in  this  manner 
continued  for  several  months.  The  larvae  were  about  equal  in 
size  and  extremely  active  on  their  appearance.     The  malady  did 

1  Felt  (1913)  records  a  case  of  myiasis  caused  by  the  larvae  of  M.  domestica. 
The  infestation  presumably  arose  from  canned  sardines  which  had  j)robably  been 
left  exposed,  as  eggs  and  larvae  were  found  in  the  fish  of  four  out  of  six  boxes 
examined. 

Jones  (1913)  describes  the  occurrence  of  twenty  to  thirty  living  larvae  of  M. 
domextica  in  the  stomach  of  a  fatal  case  of  hepatic  abscess.  The  disease  and  the 
occurrence  of  the  larvae  was  no  doubt  a  coincidence. 
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not  recur  and  the  evacuation  of  the  larvae  ceased  shortly;  the 
patient's  health  gradually  improved  but  not  completely.  The 
author  calls  attention  to  the  fact  that  the  symptoms  made  their 
appearance  in  the  spring,  but  the  larvae  were  not  expelled  until 
the  summer  and  autumn  following.  It  would  appear,  therefore, 
that  they  entered  the  stomach  in  the  egg  state  and  after  hatching 
passed  into  the  intestine  wliere  they  completed  their  growth. 
From  the  description  and  figures  which  the  author  gives  of  these 
larvae  they  would  appear  to  be  F.  scalaris  and  not  F.  canicularis 
as  was  supposed. 

In  1876  Judd  described  the  discharge  of  the  larvae  of  F.  scalaris 
from  the  intestine  by  a  boy  in  Kentucky,  U.S.A. 

Stephens  (1905)  records  the  passage  of  two  larvae  per  7'ectum, 
one  of  which  was  described  as  F.  canicularis  and  the  other  as 
Musca  corvina,  but  from  the  author's  description  I  am  inclined  to 
believe  that  the  latter  was  M.  doinestica. 

The  occurrence  in  the  intestine  of  a  youth  of  what  would 
appear  to  be  the  larvae  of  one  of  these  species  of  Fannia  is 
recorded  by  Cattle  (1906).  This  patient  consulted  the  author  in 
September  1905  and  stated  that  he  had  passed  the  larvae  a 
basinful  at  a  time  per  anion.  For  some  weeks  he  had  not  been 
feeling  well  and  now  complained  of  abdominal  discomfort.  The 
chief  trouble  was  apparently  an  imaginative  one,  induced  no 
doubt  by  the  sight  of  the  living  larvae  in  his  faeces.  He  had  no 
vomiting  or  other  gastric  or  intestinal  symptoms.  The  larvae 
gradually  left  the  patient  although  so  late  as  March  1906  one  or 
two  at  a  time  were  occasionally  seen. 

Tulpius  (1672)  records  the  passage  of  21  small  larvae  from  the 
urethra.  From  the  figure  which  is  given  it  would  appear  that 
these  are  F.  canicularis.  In  1792  Veau  de  Launay  recorded  the 
occurrence  of  and  figured  a  larva  which  resembles  F.  canicularis. 

Chrevil  (1909),  in  an  admirable  and  complete  summary  of 
previously  recorded  cases  of  myiasis  of  the  urinary  tract  of  which 
a  critical  examination  is  made,  gives  an  additional  case  of  the 
occurrence  of  the  larva  of  F.  canicularis  in  a  woman  of  fifty-five 
who  suffered  from  albuminuria  and  urinated  with  much  difficulty. 
On  May  26th  thirty  or  forty  larvae  of  F.  canicularis  of  different 
sizes  were  passed. 
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In  a  case  of  the  occurrence  of  F.  canicularis  in  the  United 
States  reported  by  Blankmeyer  (1907)  it  is  stated  that  "the 
symptoms  consisted  of  abdominal  pains  and  distention  and  bloody 
diarrhoea  followed  by  constipation."  A  saline  purgative  resulted 
in  the  passing  of  a  bulky  stool  which  was  found  alive  with  the 
larvae  numbering  from  1000  to  1500.  A  few  larvae  continued  to 
be  passed  for  a  few  weeks. 

Austen  refers  to  the  only  case  of  urethral  myiasis  known  to 
him  in  England.  In  this  case  which  was  reported  by  Dr  J.  F. 
Palmer  to  the  Chelsea  Clinical  Society  in  1901  a  single  larva 
identified  by  Austen  as  F.  scalaris  was  passed  per  urethram  by  a 
male  patient. 

A  case  of  vaginal  myiasis  in  an  old  beggar  woman  is  described 
by  Pieter  (1912). 

Laboulbene  (1856)  records  the  rearing  of  the  larvae  belonging 
to  this  genus  from  the  intestine  of  a  woman  who  had  suffered  for 
some  time  from  stomachic  pains  with  loss  of  sleep  and  appetite. 
On  October  12th  she  took  castor  oil  and  after  violent  efforts  and 
a  further  dose  of  an  emetic  she  vomited  altogether  about  seventy 
larvae.  The  expulsion  of  the  larvae  was  followed  by  a  regaining 
of  the  appetite  and  sleep.  In  1909  I  recorded  the  occurrence  of 
the  larvae  of  F.  canicularis  in  the  stools  of  patients  suffering  from 
intestinal  disorders.  Soltau  (1910)  has  recorded  the  occurrence  at 
Plymouth  on  May  28th  of  the  larva  of  F.  canicularis  in  the  stools 
of  a  man  who  had  not  previously  had  intestinal  pains.  The 
occurrence  in  September  1909  in  the  faeces  of  a  boy  aged  12  of 
the  larvae  of  a  species  of  Fannia  has  been  described  by  Garrood 
(1910). 

The  occurrence  of  dipterous  larvae  in  the  intestine  is  recorded 
by  Hope  in  1840,  but  in  these  earlier  records  it  is  frequently 
impossible  to  determine  the  species. 

The  Bloiv-fiies  and  Blue-  or  Green-buttle  flies,  Calliphora  spp., 
Lucilia  spp.  and  Sarcophaga  spp. 

The  larvae  of  these  species  of  flies  are  chiefly  sarcophagous 
feeding  upon  wounded  and  ulcerated  surfaces  in  various  mammals 
including  man.  Cleland  (1912)  records  the  occurrence  of  the 
larvae  of  Calliphora  in  an  ulcer  from  a  leper.     In  1905  some  eggs 
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were  taken  from  the  stool  of  a  patient  suffering  from  diarrhoea  in 
the  Manchester  General  Infirmary  and  were  sent  to  me  for  exami- 
nation; they  proved  to  be  the  eggs  of  C.  erythrocephala.  I  am 
unaware  of  any  other  records  of  the  occurrence  of  the  larvae  of 
these  flies  in  the  intestinal  or  urinary  tracts. 

Muscina  stabulans. 

Portchinsky  (1913)  mentions  the  case  of  a  Russian  peasant 
which  was  brought  to  his  notice  in  which,  according  to  the 
physician's  report,  the  larvae  were  in  the  man's  body  from  about 
November  1909  to  March  1910,  causing  during  the  whole  period 
great  pain  and  sickness  with  vomiting.  From  January  1910 
onwards  his  faeces  contained  blood.  Finally,  during  the  two  days 
following  the  injection  of  tannin,  about  50  larvae  of  M.  stabulans 
were  passed.  From  Portchinsky 's  account  it  would  appear  that 
this  species  is  not  infrequently  the  cause  of  intestinal  myiasis. 

The  Root  Maggot  Fly,  Anthomyia  radicum. 

The  breeding  habits  of  this  %  have  already  been  discussed 
(p.  214).  Austen  {I.e.)  mentions  a  single  record  of  the  occurrence 
of  the  larvae  of  this  species  in  the  faeces  of  a  child  which  did  not 
display  any  symptoms  of  ill  health.  The  larvae  which  were  passed 
in  the  faeces  for  some  days  soon  disappeared  after  the  administra- 
tion of  castor  oil. 

The  Cheese  Maggot  Fly,  Piophila  casei. 

Austen  {I.e.)  records  three  cases  of  the  occurrence  in  the 
human  body  of  this  fly.  These  larvae  are  the  well  known  maggots 
or  "  skippers "  which  are  found  in  cheese.  In  1896  a  case  was 
reported  in  London  of  a  woman  of  forty-nine  years  of  age  who 
had  been  attending  the  throat  hospital  for  eighteen  months  for 
chronic  pharyngitis,  etc.  For  three  weeks  she  noticed  a  profuse 
watery  discharge  from  the  nose  and  experienced  sharp  pains  in 
the  left  frontal  region.  The  discharge  was  never  purulent.  Various 
lotions  were  used  without  success  until  dilute  Mandl  solution  was 
employed  when  four  larvae  of  P.  casei  were  discharged.  Austen 
has  examined  adult  flies  bred  from  a  case  of  intestinal  myiasis  in 
London,  and  Rondani  records  the  expectoration  of  the  larvae  of 
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this  species  in  Italy  by  a  patient  suffering  from  an  affection  of 
the  chest. 

Paris  (1913)  records  the  discharge  of  larvae  of  Piophila  together 
with  those  of  Anthomyia  from  a  young  man  (20)  of  Dijon  suffering 
from  intestinal  haemorrhage  and  complaining  of  pains  in  the  anal 
region.  A  decoction  of  absinthe  leaves  successfully  caused  the 
discharge  of  the  larvae,  numerous  larvae  appearing  subsequently 
at  regular  intervals.  A  cure  was  effected  by  a  few  weeks'  treat- 
ment with  chloroform  enemata  and  strong  doses  of  thymol. 

Mode  of  Infection. 

In  the  majority  of  cases  of  intestinal  and  urinary  myiasis  the 
larvae  of  the  two  species  of  Fannia  have  been  found.  Less  fre- 
quently the  larvae  of  31.  domestica  have  occurred.  The  larvae  of 
these  species  and  also  of  A.  radicum  breed  in  excrement  and 
decaying  vegetable  products,  and  the  female  flies  guided  by  their 
sense  of  smell  and  impelled  by  their  natural  instincts  seek  such 
substances.  Owing  to  the  fact  that  these  flies  are  attracted  to 
excrement,  decaying,  putrefying  or  purulent  substances  or  matter 
several  methods  of  infection  are  rendered  possible. 

In  the  case  of  intestinal  myiasis,  the  flies  may  have  deposited 
their  eggs  in  or  upon  rotting  or  decaying  fruit,  vegetables  or  other 
food  which  may  be  eaten  in  a  raw  state,  and  thus  the  eggs  or 
young  larvae  will  be  taken  into  the  digestive  tract.  Or,  the  flies 
which  are  generally  to  be  found  depositing  their  eggs  in  the  okl 
style  privies,  may  deposit  their  eggs  in  or  near  the  anus,  especially 
if  the  person  is  somewhat  costive.  The  larvae  on  hatching,  make 
their  way  into  the  rectum  and  thence  into  the  intestine.  This 
latter  mode  of  infection  is  probably  the  common  one  in  the  case 
of  infants  belonging  to  careless  mothers.  Such  infants  are  some- 
times left  about  in  an  exposed  and  not  very  clean  condition,  in 
consequence  of  which  flies  are  readily  attracted  to  them  and  deposit 
their  eggs. 

The  infection  of  the  urinary  tract  is  more  difficult  to  under- 
stand. The  flies  are  no  doubt  attracted  to  the  genital  apertures 
by  the  different  albuminous  secretions,  spermatic,  menstrual, 
gonorrheal  or  leucorrhoeal.  The  larvae  would  feed  upon  the 
muco-purulent  secretions.    It  is  easier  to  understand  the  infection 
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of  the  urinary  tract  <>f  a  woman  rather  than  that  of  a  man.  The 
case  recorded  by  Chevril  indicates  fairly  clearly  how  the  female 
urinaiy  tract  may  be  infected  by  the  continued  or  prolonged 
exposure  of  the  organ.  As  the  flies  are  frequently  found  in  bed- 
rooms the  infection  of  both  sexes  during  hot  weather  is  sometimes 
rendered  possible.  Infection  is  chiefly  facilitated  by  uncleanliness 
and  carelessness.        * 

The  whole  subject  of  the  relation  of  these  flies  to  myiasis  of 
the  intestinal  and  urinary  tracts  is  one  which  has  received  com- 
paratively little  attention.  Certainly  not  the  attention  it  deserves 
on  account  of  the  complications  incident  to  such  infections  that 
may  arise. 

Miscellaneous  Cases  of  Myiasis. 

In  addition  to  the  aforementioned  cases  of  myiasis,  which  have 
been  ascribed  in  most  cases  to  definite  species  of  dipterous  larvae, 
medical  and  other  literature  contains  numerous  references  to  the 
occurrence  of  living  dipterous  larvae,  or  maggots  in  human  beings  \ 

The  remarkable  occurrence  of  dipterous  larvae  in  the  anterior 
chamber  of  the  human  eye  has  been  recorded  by  Ewetzky  and 
Kennel  (1904)  and  also  by  Thomas  and  Parsons  (1908).  I  was 
enabled,  through  the  kindness  of  my  friend  Dr  Shipley,  to  examine 
sections  of  the  latter  case  which  showed  the  larvae  in  situ. 
Portchinsky  (1913)  has  described  and  figured  the  occurrence  of 
the  larva  of  Hypoderma  bovis,  the  ox  warble,  in  the  anterior 
chamber  of  the  eye  which  it  would  appear  to  have  reached  by  way 
of  the  nasal  sinus.  The  occurrence  of  dipterous  larvae  in  the 
orbit  is  also  recorded  by  Keyt  (1900)  and  Gann  (1902). 

Cleland  (1912)  has  given  a  number  of  Australian  records. 
Two  cases  are  given  of  the  occurrence  of  dipterous  larvae  in  the 
ear;  in  1865  twenty  maggots  were  removed  from  the  ear  of  a 
small  boy  at  Castlemaine,  Victoria  {Austr.  Med.  Journ.  Vol.  x. 
p.  95).      Dr  G.  H.  Salter  of  Ballan,  Victoria,  described  {Austr. 

1  Since  the  above  was  written  Graham -Smith  (1913)  has  given  an  excellent 
re\aew  of  Myiasis  caused  by  non-blood-sucking  flies.  In  addition,  the  following 
authors  have  cited  cases:  Francaviglia  (1912),  Balzer,  Dantin  and  Landesmann 
(191.3),  Surcouff  (1913).  Zepeda  (1913),  Neiva  and  Gomes  de  Faria  (1913),  de  Moura 
(1913),  Heckenroth  and  Blanchard  (1913),  Sergent  (1913),  Edgar  (1913),  Field  (1913), 
Hall  and  Muir  (1913),  Candido  (1913),  Miller  (1910). 
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Med.  Gaz.  Mar.  1895)  ionr  cases  of  myiasis.  An  alcoholic  woman 
complained  of  pain  in  the  eye  and  a  feeling  as  though  pebbles 
were  rolling  over  the  eye-ball.  The  eye  was  red  and  much 
swollen  and  the  lids  more  or  less  glued  together  with  pus  and 
blood.  On  separating  them  the  space  between  the  lower  eyelid 
and  the  globe  was  teeming  with  maggots,  about  twenty  or  thirty 
in  number,  from  their  size  apparently  two  or  three  days  old.  The 
cornea  was  cloudy  and  ulcerated  in  two  or  three  spots  and  vision 
was  materially  impaired  two  months  later.  In  Gisborne,  a  few 
months  previously,  Salter  removed  a  number  of  full-grown  maggots 
from  the  nose  of  a  child  aged  seven  months,  the  subject  of 
hereditary  syphilis.  On  another  occasion  the  presence  of  the 
maggots  accounted  for  a  discharge  from  a  child's  navel.  In  a 
woman  with  epithelioma  of  the  left  temporal  region  a  large 
number  of  full-grown  maggots  were  removed  which  had  almost 
demolished  the  growth  as  well  as  the  left  lower  eye-lid  and  had 
found  their  way  into  the  left  orbit.  In  the  same  publication 
Russell  of  Adelaide,  as  cited  by  Cleland,  described  a  case  in  which 
twenty-three  maggots  were  removed  from  between  the  eye-lids, 
and  a  case  in  which  five  maggots  were  extracted  from  a  boy's  ear, 
from  which  there  was  a  foetid  discharge.  In  describing  the  case 
of  the  maggots  from  the  eye-lids  he  says  :  "  There  was  a  rounded 
open  ulcer  the  size  of  a  si.xpenny  piece  at  the  inner  corner  of  the 
eye,  which  had  not  ulcerated  through  the  whole  thickness  of  the 
lid.     There  was  much  conjunctivitis  but  no  ulceration." 

These  cases  may  readily  be  explained  in  the  light  of  our 
knowledge  of  the  feeding  and  breeding  habits  of  M.  domestica 
and  its  allies  responsible  for  myiasis  in  man  and  other  animals. 

The  Role  played  by  Flies  in  the  Spread  of 
Intestinal  Worms. 

It  appears  to  have  been  an  early  surmise  that  house-flies 
might,  owing  to  their  habits  of  seeking  and  frequenting  excre- 
ment, serve  as  a  means  of  disseminating  parasitic  worms  by  either 
infecting  by  contact  *^he  exterior  of  their  bodies  with  the  eggs  of 
the  worms  or  by  ingestion  of  the  eggs  in  feeding.  The  human 
excreta  when  moist  are  attractive  to  flies  and  the  comparatively 
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large  size  of  the  eggs  of  the  parasitic  worms  does  not  prechule 
their  dispersal  by  flies  as  experiments  have  indicated. 

Grassi  (1883)  appears  to  have  been  the  first  to  demonstrate 
the  ability  of  flies  to  ingest  the  eggs.  He  broke  up  segments  of 
the  common  tape-worm  {Taenia  solium)  in  water;  they  had 
previously  been  preserved  in  alcohol  for  some  time.  Flies  sucked 
up  the  eggs  in  the  water  and  he  found  them  unaltered  in  the 
faeces  of  the  flies.  The  eggs  of  T.  solium  measure,  according  to 
NicoU  (1911),  '035  mm.  in  length  and  -025  mm.  in  breadth.  Eggs 
of  Oxyuris  were  also  passed  unaltered.  In  another  experiment 
flies  were  allowed  to  feed  on  the  eggs  of  Trichocephalus  and 
he  found  the  eggs  some  hours  afterwards  in  the  flies'  faeces 
which  had  been  deposited  in  the  room  beneath  the  laboratory; 
he  also  caught  flies  in  the  kitchen  with  their  intestines  full  of 
eggs. 

Xuttall  (1899)  records  a  personal  communication  from  Stiles 
w'ho  placed  the  larvae  of  Musca  with  female  Ascaris  lumhricoides 
wdiich  they  devoured  together  with  the  eggs  which  these  large 
nematodes  contained.  The  larvae  and  adult  flies  contained  the  eggs 
of  the  Ascaris  and  as  the  weather  at  the  time  the  experiment 
was  carried  out  was  very  hot  the  Ascaris  eggs  developed  rapidly 
and  were  found  in  different  stages  of  development  in  the  insect, 
thus  proving,  as  Nuttall  points  out,  that  M.  domestica  may  serve 
as  a  disseminator  of  this  parasite. 

Callandruccio  (1906)  examined  flies  which  had  settled  upon 
faeces  containing  the  ova  of  the  tape-worm  Hymenoleins  nana  and 
the  ova  were  found  in  the  flies'  intestines.  Flies  which  had  fed 
upon  material  containing  the  eggs  of  H.  nana  deposited  excrement 
containing  these  eggs  on  sugar.  Twenty-seven  days  later  the 
eggs  of  this  tape-worm  were  found  in  the  stools  of  a  girl  who  had 
eaten  some  of  this  sugar ;  as  other  possible  sources  of  infection 
were  carefully  excluded  this  experiment  clearly  demonstrates  a 
method  of  infection  by  flies. 

Galli-Yalerio  (1905)  found  that  flies  could  carry  not  only  the 
eggs  but  also  the  larvae  of  the  American  hook-worm  Necator 
americanus.  He  was  unable  to  find  either  eggs  or  larvae  in  the 
intestines  of  the  flies.  Leon  (1908)  recovered  the  eggs  of  the 
tape-worm  Dibothriocephalus  latus   from   the   excrement  of  flies 
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which  had  been  fed  upon  honey  with  whieli  the  eggs  of  the  tape- 
worm had  been  mixed. 

The  most  complete  and  valuable  series  of  experiments  on  the 
dispersal  of  the  eggs  of  parasitic  worms  of  flies  has  been  carried 
out  by  Nicoll  (1911)  in  connection  with  the  Local  Government 
Board  enquiry.  He  recognised  the  isolated  nature  of  the  work  of 
previous  investigators,  and  while  the  account  of  his  experiments  is 
described  as  being  of  a  preliininaiy  character  it  contains  many 
results  and  observations  of  considerable  value.  Ten  species  of 
parasitic  worms  were  experimented  with,  namely,  the  tape-worms. 
Taenia  serrata,  T.  marginata  and  Dipylidium  caninum  from  the 
dog,  Hymenolepis  diminuta  from  the  rat,  Moniezia  expa^isa  from 
the  ox,  and  the  nematodes  Trichuris  trichiuris  from  man,  Tox- 
ascaris  limbata  and  Ankylostoma  caninum  from  the  dog,  and 
Sclerostomum  equinum  and  Ascaris  megalocephala  from  the  horse. 
Of  these  the  following  only  are  human  parasites :  T.  trichiuris, 
D.  caninum,  H.  diminuta,  and  T.  limbata.  The  main  object  of 
Nicoll's  experiments  was  to  ascertain,  first,  to  what  extent,  and 
second,  for  how  long  a  period  flies  could  carry  eggs  by  actually 
ingesting  them  and  retaining  them  within  their  intestines,  and, 
third,  how  gi'eat  was  the  partiality  they  displayed  towards  feeding 
on  infective  material.  He  points  out  that  the  only  parasites  with 
which  it  is  possible  that  flies  can  directly  affect  man  are  Taenia 
echinococcus  and  T.  solium  together  with  the  following  species 
which  do  not  require  an  intermediate  host : 

Class  a.     Those  in  which  the  larval  worm  remains  within  the 

egg-shell. 

Ascaris  lumhricoiden, 
Toxascaris  limhata 
Belascaris  mystax 
Oxyuris  vermicularis 
Trichuris  trichiuris 
Hymenolepis  nana 

Class  b.  Those  in  which  the  larva  is  liberated  from  the  egg- 
shell and  spends  its  life  in  water. 

Ankylostoma  duodenale,     size  uf  egg      '060  mm.  long,    "040  mm.  broad 
Necator  americanus  „  „       '065     „         „        "040 

Schistosomum  haematobium  „ 
Schistosomum  japonicum     „ 
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The  feeding  habits  of  th<'  li<>use-fly  ha\i"  .ilready  been  described 
in  an  earlier  chapter,  but  on  account  of  its  particular  interest  in 
connection  with  the  possibility  of  the  dissemination  of  parasitic 
worms  by  flics  fi-('((nfiiting  excrement,  I  have  reserved  a  (piDtation 
of  Nicoll's  own  observations  on  this  point  for  the  present  section  ; 
these  observations  have  been  repeatedly  confirincrl  by  myself  and 
doubtlessly  by  other  investigators.  He  says  :  "  It  is  a  matter  of 
common  observation  that  fresh  and  moist  faeces  attract  flies  much 
more  readily  than  old  dried  faeces.  Flies  feed  on  warm  fresh 
faeces  with  considerable  avidity,  and  they  will  do  so  even  although 
they  have  been  previously  feeding  on  other  material.  To  flies 
which  have  not  fed  for  some  time  the  presence  of  fresh  human 
faeces  acts  as  an  immediate  source  of  attraction,  and  in  some  of 
my  experiments  the  eagerness  with  which  they  attacked  it  was 
most  striking.  When  the  portion  of  faeces  was  so  small  that  the 
flies  could  not  find  standing  room  upon  it  or  around  it,  thev 
struggled  together  and  pushed  each  other  aside,  and  more  than 
once  I  have  seen  them  so  closely  packed  together  that  each  fly 
could  find  room  only  for  the  tip  of  its  proboscis,  the  flies  on  the 
top  practically  standing  on  their  heads,  supported  by  the  bodies  of 
those  around.  Their  behaviour  towards  older  faeces,  however,  is 
very  different.  When  the  material  has  become  cold  it  does  not 
attract  flies  nearly  so  readily.  So  long  as  it  remains  moist  it  con- 
tinues to  attract  and  does  so  quite  as  much  as  moist  bread, 
although  very  much  less  so  than  moist  sugar.  When  it  has  become 
dry  it  possesses  little  or  no  attraction,  but  this  is  increased  when 
it  is  moistened  again.  It  is  evident,  therefore,  that  the  presence 
of  moisture  plays  an  important  part  in  a  fly's  attitude  towards 
faeces  as  an  article  of  food. 

"  When  the  alternatives  of  fresh  faeces,  sugar  and  bread  were 
offered,  the  flies  did  not  confine  their  attention  to  any  one  of  these 
articles  but  made  repeated  excursions  from  one  to  the  other." 

He  proceeds  to  describe  some  interesting  observations  in  regard 
to  flies  feeding  on  segments  of  tape-worms.  Such  tape-worm  seg- 
ments may  be  deposited  together  with  the  faeces  or  independently 
and  in  the  case  of  some  species  of  parasitic  worms  the  eggs  are 
conveyed  to  the  exterior  in  the  detached  segments  instead  of 
being  shed  singly  into  the  gut.     It  was  found  that  such  detached 
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tape-worm  segments  possessed  a  great  attraction  lor  flies.  When 
an  intact  segment  of  a  tape-worm  such  as  Taenia  serrata,  T.  mar- 
ginata  or  Dipylidiam  caninum  mixed  with  moderately  fresh  faeces 
was  presented  to  some  flies  they  appeared  to  select  the  tape-wonn 
and  feed  upon  it  in  preference  to  the  faeces.  This  observation  was 
repeated  on  several  occasions.  Further,  when  an  isolated  tape- 
worm segment,  some  faeces  and  some  sugar  were  separately  intro- 
duced into  the  fly  cage,  the  flies  showed  a  decided  preference  for 
the  tape-worm,  which  they  attacked  with  much  assiduity.  This 
preference  was  shown  not  only  when  the  tape-worm  segment  was 
fresh  but  even  when  it  had  lain  a  day  or  two. 

Flies,  it  was  found,  are  able  gradually  to  pierce  the  fairly  tough 
external  covering  of  the  tape-worm  segments  and  to  extract  the 
internal  contents  containing  the  eggs.  When  flies  had  been 
feeding  on  a  tape-worm  segment  for  5 — 10  hours  their  crops  were 
found  greatly  distended  with  the  white  milky  juice  of  the  tape- 
worm and  tape- worm  eggs  were  found  in  the  flies'  intestines. 

Special  observations  were  made  on  the  feeding  of  the  fly 
larvae  on  parasitic  worms.  While  it  was  found  that  even  after 
a  lapse  of  three  or  four  days,  the  adult  _  flies  were  unable  to 
penetrate  the  thick  cuticular  investment  of  round  worms  such  as 
Ascaris  megalocephala  and  Toxascaris  limhata,  such  difficulties 
did  not  exist  in  the  case  of  the  larvae.  Fresh  round  worms  when 
offered  to  the  larvae  were  at  once  attacked,  but  although  they 
swarmed  over  the  worms,  unless  the  cuticle  of  the  worms  was  torn 
or  ruptured  in  some  way,  they  were  unable  to  penetrate  them  and 
in  the  absence  of  other  food  they  died.  On  the  other  hand,  if  the 
round  worms  were  cut  up  or  broken  before  being  given  to  the 
larvae,  the  latter  devoured  the  internal  parts  with  great  rapidity. 
Commencing  at  one  end  of  a  broken  piece  they  would  eat  their 
way  through  the  soft  tissues  leaving  nothing  but  the  cuticular 
tube.  It  was  found  that  within  two  or  three  days  half  a  dozen 
larvae  would  devour  a  large  worm  20  or  30  times  their  own  bulk. 
When  larvae  had  fed  upon  female  egg-bearing  worms  large 
numbers  of  eggs  were  found  surrounding  them  but  not  actually 
adhering  to  them  and  in  the  intestines  of  such  larvae  no  intact 
eggs  were  found,  but  fragments  of  shells  were  always  visible.  No 
embryonic  worms   in   any  stage    were    found.     NicoU  is  of  the 
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opinion  that  even  full-grown  larvai'  are  unable  to  swallow  un- 
ruptured eggs  as  large  as  those  of  the  worms  used,  namely 
07  mm. 

Details  are  given  by  Nicoll  of  the  most  important  of  his 
experiments  on  the  feeding  of  infective  material  to  flies.  The 
material  was  offered  to  the  flies  in  four  different  ways.  1.  Faeces 
containing  ova.  2.  Complete  worms,  or  intact  parts  of  them. 
3.  Broken  or  damaged  segments  of  worms.  4.  Suspensions  of 
ova  in  water.  After  feeding  flies  were  examined  at  varying 
intervals ;  the  bodies  and  appendages  were  first  examined  ;  after- 
wards the  alimentary  tract  was  dissected  out  and  examined.  The 
results  of  his  experiments  were  as  follows  : 

(a)     Hynienolepis  diminuta  (ova  07  by  "005  mm.). 

1.  11  flies  were  fed  on  contents  of  caecum  of  rat  containing 
numerous  eggs.     Negative  results  were  obtained. 

2.  12  flies  fed  on  rat  faeces  containing  numerous  ova. 
Negative  results  obtained. 

3.  0  flies  fed  on  ripe  segments  of  Hymenolepis  diminuta 
containing  numerous  ova.     Negative  results. 

4.  6  flies  fed  on  emulsion  of  tape-worm  in  water,  containing 
numerous  ova.     Negative  results. 

These  experiments  demonstrated  the  inability  of  Musca  do- 
mestica  to  ingest  eggs  as  large  as  those  of  Hymenolepis  diminuta. 

(h)     Toxascaris  liinhata  (ova  '08  by  '07  mm.). 

1.  8  flies  fed  on  dog  faeces  containing  numerous  eggs. 
Negative  results. 

2  and  3.  Two  lots  of  G  flies  each  fed  on  intact  and  broken 
female  Avorms  respectively.     Negative  results  in  each  case. 

(c)  Anki/lostoma  caninuni  (ova  '06  by  "04  mm.). 

Negative  results  were  obtained  after  feeding  flies  on  dog 
faeces  containing  ova. 

(d)  Trichuris  trichiuris  (ova  '05  by  •025  mm.). 

From  12  flies  which  had  been  fed  on  human  faeces  containing 
a  few  ova,  the  ova  of  this  tape-worm  were  recovered  from  one  fly 
and  from  the  faeces  of  another  fly. 
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(e)     Dipylidium  cauinuni  (ova  'O^  by  "04  min.). 

1.  4  Musca  and  1  Fannia  were  fed  on  unbroken  ripe  segments 
of  the  worm.  The  eggs  were  recovered  from  2  Hies  {Musca)  26 
hours  after  the  infected  faeces  had  been  removed,  demonstrating 
the  ability  of  the  flies  to  suck  the  eggs  of  the  tape-worm  and  to 
carry  them  for  a  considerable  time. 

2.  6  flies  were  fed  on  dog  faeces  containing  ova.  The  ova 
were  found  in  4  of  these  flies ;  in  the  case  of  2  of  the  flies  43 
hours  after  the  infected  faeces  had  been  removed,  showing  that 
the  flies  can  carry  the  eggs  in  their  intestines  for  at  least  that 
length  of  time. 

( /')     Taenia  marginata  (ova  "035  by  '035  mm.). 

1.  The  eggs  of  this  species  were  removed  from  a  blow-fly 
(Calliphora)  on  the  second  day  after  it  had  been  fed  on  mashed 
up  segments  containing  ova. 

2.  Eggs  Avere  recovered  from  Musca  and  Fannia  nearly  three 
days  after  they  had  fed  on  ruptured  segments  containing  numerous 
ova. 

3.  Eggs  were  recovered  from  Musca  the  day  after  it  had  fed 
on  an  emulsion  of  ripe  segments. 

((/)     Taenia  serrata  (ova  -035  by  -035  mm.). 

1  and  2.  Eggs  were  found  in  flies  in  very  large  numbers,  500 
in  3  flies  and  400  in  2  flies,  2  hours  after  feeding  on  ripe  segments 
in  water,  and  on  ruptured  segments. 

3.  Eggs  were  found  in  a  fly  21  hours  after  feeding  on  intact 
segments  containing  numerous  ova. 

4.  Negative  results  were  obtained  from  4  flies  fed  on  dried 
segments. 

0.  A  single  egg  was  recovered  from  one  of  7  flies  8  hours 
after  they  were  fed  on  intact  segments  containing  numerous  ova 
and  one  egg  was  found  in  the  flies'  faeces  about  20  hours  after  the 
segments  had  been  removed. 

6.  From  3  flies  which  had  fed  on  an  emulsion  of  segments 
containing  numerous  ova,  1,  22  and  312  eggs  respectively  were 
recorded  up  to  7   hours  after  the  emulsion  had  been  removed. 
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200  eggs  were  recovered  from  faeces  of  other  flies.  171  eggs  were 
recovered  from  a  fly  24  hours  after  feeding ;  these  eggs  were  fed 
to  a  rabbit  in  which  23  Cysticerci  were  afterwards  found,  showing 
that  the  eggs  remained  capable  of  infecting  for  at  least  one  day. 
Eggs  were  also  recovered  from  a  fly  and  fV(^]ii  faeces  48  hours 
after  feeding. 

7.  10  Hies  were  fed  on  faeces  containing  ruptured  mature 
segments ;  a  piece  of  sugar  was  also  introduced  and  the  faeces 
were  kept  moist.  The  results  demonstrated  the  important  fact 
that  faeces  containing  tape-worm  segments  may  continue  to  be  a 
source  of  infection  from  which  food,  such  as  sugar,  may  be  con- 
taminated for  as  long  as  a  fortnight. 

A  series  of  experiments  was  carried  out  in  which  fly  larvae 
were  fed  upon  faeces  containing  tape-worms  or  ripe  segments. 

Taenia  serrata.  5  eggs  were  recovered  from  three  larvae  two 
days  after  they  had  been  placed  on  dog  faeces  containing  ripe 
segments  but  no  eggs  were  recovered  from  pupae  or  flies  developing 
from  larvae  which  had  been  fed  on  infected  faeces. 

Toxascaris  limhata.  Larvae  were  placed  on  dog  faeces  con- 
taining mature  female  worms  but  no  embryos  or  larval  tape-worms 
were  recovered  from  the  fly  larvae,  pupae  or  adult  flies. 

Ascaris  megalocephala.  Several  larvae  were  put  in  horse 
faeces  containing  female  worms  with  numerous  eggs.  Negative 
results  were  obtained  from  an  examination  of  the  fly  larvae,  pupae 
and  adult  flies.  Nicoll  points  out  that  these  results  are  at  variance 
with  the  result  of  Stiles  already  quoted,  but,  as  he  shows,  the  eggs 
of  Ascaris  lumhricoides,  which  Stiles  used,  are  smaller  than  those 
of  ^.  megalocephala. 

XicoU  also  experimentally  shows  that  the  well-known  habit 
which  flies  have  of  cleaning  their  proboscides,  appendages  and 
bodies  after  feeding  militates  very  materially  against  their  carry- 
ing eggs  on  the  exterior  of  their  bodies.  The  longest  period  after 
which  eggs  of  Hymenolepis  diminuta,  for  example,  were  found 
adhering  to  flies  was  about  three  hours.  During  this  time,  how- 
ever, they  may  travel  some  distance  from  the  source  of  infection. 
It  was  demonstrated  that  the  eggs  of  this  species  of  tape-worm, 
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which  are  too  large  to  be  ingested  by  the  flies,  could  be  carried 
externally  by  the  flies  and  that  food  (sugar)  could  be  infected. 

The  careful  experiments  of  this  investigator  show  that,  under 
experimental  conditions,  the  eggs  of  the  following  parasitic  worms 
may  be  carried  by  Musca  domestica  :  Taenia  solium,  T.  serrata, 
T.  marginata,  Dipylidium  caninum,  Dibothriocephalus  latusC^). 
Oxyuris  vermicidaris,  Trichuris  (T^'ichocephalus)  trichiuris,  both 
internally  and  externally;  Necator  americanus,  Ankylostonia 
caninum,  Sclera stomuin  eqimiuni,  Ascaris  megalocephala,  Toxascaris 
limbata  (=  Ascaris  canis  e.p.),  Hymenolepis  dirninuta  externally 
only. 

The  practical  significance  of  the  results  of  the  aforementioned 
studies  of  the  relation  of  Musca  domestica  and  such  of  its  allies  as 
have  similar  coprophagous  or  coprophilous  habits  is  great.  The 
necessity  of  preventing  flies  from  gaining  access  to  faeces  or  tape- 
worm segments  is  most  clearly  demonstrated  and  the  possibility 
of  flies  infecting  food  with  tape-worm  eggs  will  undoubtedly  furnish 
an  explanation  in  many  otherwise  obscure  cases  of  infection. 


PAET   VI 

CONTROL  MEASURES 
CHAPTER   XXVI 

PREVENTIVE   AND   REMEDIAL   MEASURES 

The  significance  of  the  house-fly  as  a  cai'rier  of  the  causative 
organisms  of  certain  of  our  most  common  diseases  renders  its 
control  fundamentally  necessary  in  any  effort  towards  sanitary 
reform  or  in  any  system  of  preventive  medicine.  The  disgust 
Avhich  its  filthy  habits  call  forth  should  be  a  sufficient  impulse 
in  the  direction  of  its  control ;  the  fact  that  it  can  be  no  less 
dangerous  than  the  mosquito  or  the  tse-tse  fly,  should  opportunity 
occur,  should  merit  and  demand  the  attention  of  all  charged  with 
or  interested  in  the  care  of  the  people's  health.  The  evidence 
which  has  been  adduced  is  more  than  sufficient  to  demonstrate 
that  the  prevention  of  many  diseases  cannot  be  undertaken  with 
any  hope  of  success  so  long  as  this  factor  in  their  dissemination  is 
ignored. 

Prevention  of  Breeding. 

Of  all  control  measures  this  is  by  far  the  most  important.  It 
is  the  key  of  the  whole  situation.  The  fly  and  mosquito  problems 
are  essentially  similar.  Malarial  and  yellow  fever  are  eradicated 
by  the  abolition  and  protection  of  the  breeding  places  of  the 
mosquito.  Similarly,  by  the  abolition,  and  protection  or  treatment 
of  the  breeding  places  of  the  house-fly  its  control  could  be  effected 
and  its  significance  as  a  disease-carrier  nullified. 

The  study  of  the  breeding  habits  of  the  house-fly  has  indicated 
the  places  and  materials  in  which  it  breeds.     The  chief  breeding 
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places  are  collections  of  horse-manure  or  stable  refuse.  Flies  must 
not  be  allowed  to  have  access  to  such  stable  refuse.  In  order  to 
attain  this  end  it  must  be  kept  in  covered  fly-proof  receptacles 
and  regularly  removed  or  it  must  be  treated  with  some  insecticidal 
substance.  An  increasing  number  of  cities  and  towns  are  recog- 
nising the  importance  of  the  former  of  these  requirements  and  are 
passing  and,  what  is  more  important,  enforcing  bye-laws  regarding 
the  erection  of  fly-proof  pits  or  chambers  for  the  temporar}^  storage 
of  manure.  It  is  further  necessary  to  have  the  floor  and  interior 
of  the  stable  well  constructed  ;  the  floor  should  be  of  solid  masonry 
or  concrete  to  permit  good  drainage  and  thorough  cleansing. 

Many  municipalities  have  the  necessary  bye-laws  on  their 
statute  books  but  lack  the  incentive  or  courage  to  enforce  them. 
The  plain  facts  already  set  forth  should  convince  such  municipalities 
of  the  grave  danger  to  the  health  of  the  people  they  are  elected  to 
serve  that  the  presence  of  breeding  places  of  house-flies  constitutes. 

A  necessary  adjunct  to  the  construction  of  sanitary  stables  and 
the  storage  of  the  hoi'se-manure  in  fly-proof  receptacles  is  the 
regular  removal  of  the  manure.  It  was  observed  that  flies  prefer 
to  oviposit  in  the  warm  excreta  and  on  this  account  eggs  are  often 
deposited  in  the  manure  before  it  is  thrown  into  the  storage 
receptacle.  From  such  infested  manure  flies  would  emerge  if  it 
were  not  removed  well  within  the  shortest  time  that  is  occupied 
in  the  completion  of  the  life-cycle  of  the  fly.  This  time  is  shorter 
in  the  summer  than  in  the  winter.  Therefore,  during  the  summer 
and  autumn  months,  from  June  to  October,  the  manure  should  be 
removed  regularly  at  intervals  not  exceeding  seven  days.  A  large 
number  of  towns  and  cities  require  its  removal  twice  a  week 
during  this  period  and  this  is  a  wise  precaution.  During  the 
remainder  of  the  year  the  period  may  be  extended  to  nine  days  or 
three  times  each  months 

1  Levy  and  Tuck  (1913)  and  Hutchison  (1914)  propose  that  advantage  should 
be  taken  of  the  habit  which  the  lan^ae  of  M.  domestica  have  of  migrating  from  the 
manure  to  pupate  in  the  soil  or  in  a  drier  situation.  By  placing  the  manure  in 
receptacles  from  which  the  larvae  can  escape  through  wii-e  gauze  sides  and  bottoms, 
the  larvae  can  be  caught  and  killed  in  pans  placed  beneath  such  receptacles.  By 
the  use  of  such  "  maggot-traijs "  Hutchinson  was  able  to  show  that  98  or  99  per 
cent,  of  the  total  number  of  larvae  can  be  made  to  leave  the  manure,  provided  it  is 
kept  moist. 
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While  the  advent  of  the  automobile  has  untloiibtedly  decreased 
the  breeding  places  of  the  house-fly  very  materially  and  will  con- 
tinue to  do  so,  there  remains  still  much  to  be  done  in  the  way  of 
segregating  or  localising  livery  stables  in  addition  to  the  enforce- 
ment of  the  aforementioned  sanitary  regulations.  This  principle 
is  being  adopted  in  certain  places  and  its  more  general  practice 
AVtMild  have  an  appreciable  effect  on  the  problem  of  tly  control. 
One  great  advantage  of  such  segregation  would  be  the  increased 
opportunities  afforded  to  sanitary  inspectors  of  supervising  the 
proper  care  and  treatment  of  the  stables  and  of  the  stable  refuse. 

•Too  much  stress  cannot  be  laid  upon  the  necessity  of  prohibit- 
ing the  storage  of  stable  refuse  and  other  breeding  materials  of 
the  house-fly  (see  p.  94)  in  such  places  as  railway  depots,  canal 
wharves  and  similar  places  pending  its  removal.  In  the  majority 
of  cases  outbreaks  of  flies  have  been  traced  to  the  adoption  of  such 
practices  and  such  an  abundance  of  flies  may  have  dangerous 
consequences. 

As  an  alternative  to,  but  preferably  in  conjunction  with  the 
storage  of  horse-manure  in  fly-proof  receptacles,  the  treatment  of 
the  manure  with  an  insecticidal  substance  with  a  view  to  destroying 
any  house-fly  larvae  can  be  adopted  wdth  very  marked  success. 

In  1897  Howard  conducted  a  series  of  experiments  with  a  view^ 
to  discovering  an  insecticidal  substance  which  could  be  used  for 
the  destruction  of  the  larvae  in  the  heaps  of  manure  in  which  they 
were  breeding.  He  found  that  both  lime  and  gas  lime  were  not 
efficacious.  In  an  experiment  in  which  8  lbs.  of  horse-manure 
containing  larvae  were  treated  wuth  a  pint  of  kerosene,  which  was 
w^ashed  dow'n  into  the  manure  wdth  water,  it  was  found  that  all 
the  larvae  were  killed.  He  also  found  that  by  treating  8  lbs.  of 
well-infested  horse-manure  with  one  pound  of  chloride  of  lime  all 
the  larvae  were  killed,  but  the  results  w^ere  not  satisfactory  when 
a  quarter  of  the  quantity  of  chloride  of  lime  was  used.  On 
experimenting  with  the  kerosene  treatment  on  a  large  scale  he 
found  that  it  was  not  only  laborious  but  also  not  entirely  successful, 
as  is  sometimes  the  case  in  the  practical  application  on  a  large  scale 
of  successful  experimental  methods.  He,  therefore,  devised  another 
method  of  treating  the  horse-manure  of  stables.  A  chamber  six 
feet  by  eight  feet  was  built  in  the  corner  of  the  stable  with  which 
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it  communicated  by  means  of  a  door ;  it  was  provided  also  with  a 
window  furnished  with  a  large  screen.  The  manure  was  thrown 
into  the  chamber  every  morning  and  a  small  shovelful  of  chloride 
of  lime  scattered  over  it.  At  the  end  of  ten  days  or  a  fortnight 
the  manure  was  removed  through  an  open  door  and  carted  away. 
The  experiment  was  carried  out  in  the  stable  of  the  U.S.  Depart- 
ment of  Agriculture  and  a  marked  decrease  in  the  number  of  tlies 
was  observed. 

That  chloride  of  lime  can  be  used  with  beneficial  results  and 
on  a  large  scale  has  been  demonstrated  by  one  of  my  corre- 
spondents, Messrs  McLaughlin,  Bros.,  lumber  manufacturers  of 
Arnprior,  Ontario,  Canada.  In  response  to  my  request  for  a  brief 
statement  of  their  experience  they  Avrite  (April,  1913)  as  follows : 

"  Four  years  ago  we  began  using  chloride  of  lime  in  our  stables  here  to 
keep  down  house-flies.  There  are  about  120  horses  in  the  stables  at  night 
and  most  of  them  are  brought  in  to  feed  at  noon.  The  manure  is  removed 
every  morning  and  again  in  the  afternoon  when  the  mid-day  feed  is  over. 
After  each  cleaning-up,  chloride  of  lime  is  taken  in  in  a  shovel  and  scattered 
lightly  just  outside  each  stall.  It  must  not  be  put  too  close  in,  for  if  the 
horse  lies  on  it  it  will  burn  the  hair  off  him.  The  risk  of  this  accident  is, 
however,  very  slight,  as  during  the  four  years  we  have  used  the  lime,  it 
occurred  only  once  to  one  horse  and  a  very  little  care  will  obviate  it  entirely. 
The  smell  of  the  chlorine  given  off  by  the  lime  while  it  is  scattered  in  the 
stables  doubtless  tends  to  drive  away  the  flies,  and  as  the  manure  and  lime 
are  swept  u})  together,  they  are  well  mixed,  and  the  chlorine  having  thus 
a  good  chance  to  exercise  its  germicidal  properties,  a  large  proportion  of  the 
flies'  eggs  and  larvae  are  no  doubt  destroyed  by  it. 

"  It  is,  of  course,  impossible  to  determine  with  accuracy  the  decrease  in  the 
number  of  flies  due  to  the  use  of  the  chloride  of  lime,  but  our  men  are  satisfied 
that  the  reduction  must  be  about  75  per  cent.  One  striking  evidence  of  the 
diminution  is  the  comparative  quietness  of  the  horses  now  at  night.  A  few 
years  ago,  when  passing  the  sta1)les  on  a  warm  summer  night,  one  was 
astonished  at  the  noise  caused  by  the  never-cea.sing  tramping  of  the  fly- 
pestered  animals.  Since  we  began  to  use  chloride  of  lime,  this  noise  has 
practically  ceased. 

"  We  use  about  eight  or  ten  pounds  of  the  lime  a  day,  or  about  1000  lbs. 
during  the  fly  season.  Bought  by  the  barrel  of  some  300  ll)s.  it  costs  2  cents 
\)QV  lb.  in  Montreal." 

The  above  statement  has  been  given  in  full  as  it  affords 
striking  evidence  of  the  practical  use  of  chloride  of  lime  and  its 
effect,  not  only  from  an  insecticidal  standpoint  but  as  a  means  of 
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securing  for  the  horses  the  rest  they  need  and  usually  deserve,  the 
value  of  which  rest  is  evident. 

I  am  informed  by  chemists  that  it  is  doubtful  whether  the 
admixture  of  a  small  (|uantity  of  chloride  of  lime  would  seriously 
affect  the  manurial  properties  of  the  stable-manure.  Exact 
information  on  this  point,  however,  has  not  yet  been  secured. 

Howard  (1911)  records  the  results  of  experiments  with 
kerosene  as  an  insecticide.  While  it  was  found  that  on  a  small 
scale  if  eight  quarts  of  horse-manure  were  sprayed  with  one  pint 
of  kerosene  which  was  afterwards  washed  down  with  a  quart  of 
water  all  the  larvae  were  killed ;  on  a  larger  scale  it  was  not 
wholly  successful;  "a  considerable  proportion  of  the  larvae  escaped 
injury."  Even  had  all  the  larvae  been  destroyed  the  cost  of  the 
treatment  wM)uld  be  prohibitive. 

Herms  (1911)  suggests  that  "  w^  hen  the  manure  pile  can  be 
spread  out  to  a  depth  of  about  half  a  foot  it  may  be  drenched 
with  a  distillate  petroleum,  which  possesses  a  high  flash  point, 
i.e.  does  not  ignite  easily,  and  has  the  necessary  insecticidal  pro- 
perty. The  petroleum  oils,  sold  as  proprietary  compounds  on  the 
market  as  'miscible  oils,'  'spray  emulsions,'  and  the  like,  should 
be  applied  at  the  rate  of  one  part  of  the  oil  to  ten  parts  of  water. 
U  kerosene  oils  of  a  low  flash  point  are  used  about  stables  and 
out-buildings  the  danger  from  fire  must  be  considered." 

On  account  of  the  danger  incident  to  its  use  and  the  cost  of 
the  treatment,  apart  from  the  tact  that  its  employment  is  not 
supported  by  our  experimental  results,  one  is  compelled  to  hesitate 
in  recommending  the  general  use  of  kerosene  or  paraffin  oil  for 
the  destruction  of  fly  larvae. 

Forbes  had  a  series  of  experiments  carried  out  in  Illinois,  U.S.A., 
on  the  destruction  of  the  larvae  in  manure  heaps.  These  are 
recorded  by  Howard  (1911).  In  one  series  hydrated  high  calcium 
lime  was  used.  When  three  pounds  of  this  lime  were  mixed  with 
fifteen  pounds  of  horse-manure,  ninety-four  per  cent,  of  the  larvae 
were  killed;  two  pounds  of  lime  mixed  with  twelve  pounds  of 
manure  killed  sixty-nine  and  one-tenth  per  cent,  of  the  larvae  : 
four  pounds  mixed  with  twelve  pounds  of  the  manure  killed  sixty- 
one  and  three-tenths  per  cent.  The  diminished  percentage  in  the 
last  two  experiments  was  accounted  for  by  the  fact  that  the  larvae 
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were  nearly  full-gi'own.  The  most  successful  results  were  obtained 
by  the  use  of  iron  .sulphate.  It  was  found  that  the  breeding  of 
the  house-fly  in  horse-manure  could  be  effectively  controlled  b}^ 
spraying  the  manure  with  a  solution  of  iron  sulphate.  A  solution 
of  two  pounds  of  iron  sulphate  in  one  gallon  of  water  for  each 
horse  per  day  was  used.  It  was  calculated  that  the  average  city 
horse  produces  about  fifteen  pounds  of  manure  per  day  and  the 
heavier  draught  horses  produce  twenty  to  thirty  pounds  per  day. 
The  amount  to  be  treated  Ls,  of  course,  much  less  than  this  as  the 
horses  are  out  of  the  stables  a  large  proportion  of  the  day.  The 
average  cost  of  treatment  in  Illinois  would  work  out  at  less  than 
one  penny  (one  and  one-half  to  two  cents)  per  horse  per  day.  Not 
only  is  the  iron  sulphate  stated  to  deodorize  the  manure  but  it 
does  not  injure  its  manurial  properties.  In  fact,  it  is  extremely 
probable  that  it  increases  the  fertilising  properties  of  the  manure. 
Unfortunately,  at  the  time  of  Avriting  we  have  no  experimental 
evidence  as  to  the  effect  of  this  and  other  insecticides  on  the 
fertilising  value  of  the  manure.  It  is  anticipated  that  investiga- 
tions on  this  aspect  of  the  question  will  be  carried  on^ 

It  is  claimed  that  the  treatment  of  the  manure  with  equal 
parts  of  acid  phosphate  and  kainit  will  repel  the  flies  and  prevent 
their  oviposition.  Such  treatment  would  certainly  increase  the 
fertilising  value  of  the  manure. 

One  is  frequently  asked  how  the  farmer  is  to  undertake  the 
control  of  the  house-fly  about  his  premises  when  he  is  compelled  to 

^  Since  the  above  was  written  I  have  carried  out  a  series  of  experiments  in 
August  and  September,  1913  (see  Journ.  Econ.  Ent.,  vol.  7,  p.  281),  with  a  view  to 
obtaining  information  on  this  aspect  of  the  problem.  It  was  found  that  the 
greatest  mortality  was  produced  by  chloride  of  lime  scattered  on  the  manure  as  it 
was  piled  ;  this  was  more  fatal  than  iron  sulphate  solution. 

Dr  L.  0.  Howard  lias  kindly  permitted  me  to  secure  the  results  of  a  series  of 
experiments  carried  out  by  the  Bureau  of  Entomology,  assisted  by  the  Bureau  of 
Chemistry,  of  the  U.S.  Department  of  Agriculture,  Washington,  D.C.,  during  the 
summer  and  fall  of  191.S  to  discover  an  insecticide  which  was  not  only  cheap 
enough  for  tlie  farmer  to  use  but  wliich  also  did  not  injure  the  fertilising  properties 
of  the  manure.  It  appears  that  borax  (sodium  borate  in  the  crude  form)  used 
either  in  the  j)owdered  form  (2  lbs.  to  8  bushels  of  manure)  or  in  solution  (one- 
eighth  of  a  pound  to  one  gallon  of  water,  using  40  quarts  of  the  solution  to  8 
bushels  of  manure)  gives  the  liest  results.  The  full  report  of  this  investigation 
will  be  published  shortly  by  the  U.S.  Department  of  Agriculture,  to  which  impor- 
tant report  the  reader  should  refer. 
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store  large  quantities  of  manure  in  the  stable  yards.  The  difficulties 
of  the  farmer  s  case  have  been  somewhat  unnecessarily  magnified 
o^v^ng  largely  to  a  failure  to  appreciate  the  facts  incident  to  the 
storage  of  manure.  Experiments  Avhich  my  colleague,  Dr  F.  T. 
Shutb,  Dominion  Chemist  of  the  Canadian  Department  of  Agri- 
culture, has  carried  out  have  conclusively  shown  that  from  a 
fertilising  standpoint  it  is  a  greater  advantage  to  haul  the  manure 
directly  on  to  the  soil  than  to  store  it  in  the  stable  yard  where  a 
considerable  proportion  of  its  value  is  lost  by  leaching  and  other 
processes.  In  the  control  of  the  house-fly  on  the  farm  the  most 
effective  measure  which  can  be  adopted  is  the  immediate  hauling 
of  the  manure  on  to  the  land.  If  this  is  done  flies  will  not  breed 
in  the  manure  as  scattered  manure,  owing  to  its  desiccated  state, 
does  not  readily  permit  their  breeding.  The  increase  in  the 
fertilising  value  of  the  manure  thus  treated  serves  as  an  addi- 
tional reason  for  the  more  general  adoption  of  the  practice.  If  it 
cannot  be  scattered  on  the  land  at  once  it  is  an  advantage  to 
compost  it  in  heaps  and  cover  the  same  with  a  layer  of  soil.  Flies 
are  attracted  to  and  deposit  their  eggs  in  fresh  manure.  Rotted 
and  cold  manure  does  not  attract  and  only  in  exceptional  cases 
have  I  ever  found  flies  breeding  in  such  manure  either  under 
natural  or  experimental  conditions ^ 

The  insanitary  privy  is  the  greatest  menace  to  the  public 
health.  Not  only  does  this  mediaeval  institution,  when  not 
properly  cared  for,  serve  as  a  favourite  breeding  place  for  flies 
but  it  is  the  commonest  source  of  infection.  Fortunately,  it  cannot 
remain  long ;  medical  officers  of  health  are  unanimous  in  its  con- 
demnation and  the  more  general  institution  of  water-carriage 
systems  is  having  a  pronounced  effect  on  its  abolition.  The 
majority  of  people  have  no  conception  of  the  state  of  affairs  in 
regard  to  the  occurrence  and  conditions  of  insanitary  privies. 
Excellent  testimony  on  the  subject  in  relation  to  infantile  mortality 
is  given  by  Newsholme(l910),  to  whose  valuable  report  the  reader 
desiring  further  information  is  referred.     In  his  general  summary 

1  Washburn  (1912)  suggests  the  spraying  of  piles  of  horse  manure  with  a 
sokition  of  8  ounces  of  sodium  arsenite  in  about  20  gallons  of  water  to  which 
about  half-a-pint  of  treacle  has  been  added.  A  similar  solution  used  to  kill 
grasshoppers  was  found  very  attractive  to  flies. 

21 2 


324  PREVENTIVE   AND   REMEDIAL   MEASURES 

Newsholmo  states  "  Infant  mortality  is  highest  in  those  counties 
where,  under  urban  conditions  of  life,  filthy  privies  are  permitted, 
where  streets  and  yards  are  to  a  large  extent  not  '  made  up '  or 
paved."  In  his  recommendations  he  says  "  Sanitary  authorities 
in  compactly  populated  districts  should  decide  to  remove  all  dry 
closets  if  a  water-carriage  system  is  practicable." 

For  the  dry  closet  to  be  maintained  in  a  sanitary  condition 
great  care  and  attention  is  recjuii-ed.  It  cannot  be  rendered  fiy- 
proof,  however,  owing  to  the  ability  of  flies  to  emerge  through  the 
soil  after  having  developed  from  eggs  deposited  on  the  faeces 
before  they  were  covered. 


Destruction  of  Refuse. 

It  is  a  remarkable  fact  that  in  many  of  our  towns  and  cities, 
professedly  progressive  in  sanitary  measures,  public  "  dumps," 
"  tips  "  and  garbage  heaps  are  maintained.  Frequently,  they  are 
located  on  a  vacant  piece  of  land  surrounded  by  thickly  populated 
districts  in  which  there  is  almost  invariably  a  plague  of  flies 
during  the  summer  months.  On  many  occasions  during  my 
investigations  I  have  examined  such  accumulations  of  organic 
and  other  rubbish  and  have  found  flies  breeding  in  vast  numbers. 
While  such  heaps  contain  a  large  proportion  of  mineral  matter, 
such  as  clinkers,  cinders  and  ashes,  etc.,  they  invariably  include 
cart-loads  of  organic  rubbish  of  various  kinds,  especially  domestic 
refuse,  in  which  flies  can  breed  (see  p.  94).  Not  only  do  they 
breed  but  they  also  infect  themselves  with  putrefactive  and  some- 
times pathogenic  bacteria.  The  greatest  danger  of  such  heaps, 
however,  lies  in  their  fly-productive  rather  than  infective  character. 
Cities  and  towns  can  no  longer  afford  to  permit  these  methods  of 
disposing  of  organic  refuse.  Its  prompt  destruction  by  means  of 
an  incinerator  is  the  only  measure  which  will  prevent  its  being  a 
public  nuisance  and  a  serious  breeding  ground  for  ffies.  Further, 
the  storage  of  the  domestic  organic  refuse  by  the  householder  in 
fly-proof  receptacles  frequently  and  regularly  emptied  or  removed 
by  the  civic  authorities  must  necessarily  form  an  integral  part  of 
any  sanitary  system  of  refuse  disposal. 
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The  Protection  <>f  Infants  and  the  Sk-k. 

By  their  helpless  nature  and  by  the  force  of  circumstances 
infants  are  peculiarly  subject  to  the  attentions  of  flies.  One  has 
onl}-  to  visit  the  populous  districts  of  our  towns  and  cities,  where 
the  poorer  classes  are  compelled  to  live,  to  observe  the  advan- 
tageous conditions  under  which  flies  are  able  to  disseminate 
infection.  All  too  insufficient  attention  is  paid  to  the  careful 
disposal  of  human  excreta  which  occur  in  alleys  and  odd  corners; 
privies  are  largely  unprotected  and  the  children  lie  and  crawl 
about.  One  is  impressed  by  the  possibility  of  the  fly-carriage 
hypothesis  of  summer  diarrhoea  and  the  frequent  occurrence  of 
intestinal  myiasis  becomes  no  longer  surprising.  The  protection 
of  such  infants  from  the  attentions  of  flies  is  absolutely  essential 
under  such  conditions.  Nor  is  it  much  less  essential  under  most 
circumstances  in  the  summer  when  infixnts  are  wheeled  around  in 
their  carriages,  subject  to  the  attentions  of  flies  whose  previous 
visitations  may  have  been  of  the  foulest  description. 

The  protection  of  sick  persons,  the  exclusion  of  flies  from  the 
sickroom  or  the  hospital,  are  precautions  of  so  obvious  a  nature  in 
the  light  of  our  knowledge  of  the  dangers  incurred  by  the  presence 
of  flies,  that  it  should  be  unnecessary  to  do  more  than  indicate 
the  necessity  for  such  protective  measures. 

Protection  of  Food. 

In  the  home,  and  where  it  is  exposed  for  or  preparatory  to 
sale,  food  which  is  liable  to  become  infected  by  virtue  of  its  being 
attractive  to  flies  should  be  protected.  Certain  foods  such  as 
milk,  cooked  meats,  etc.,  furnish  excellent  media  for  the  trans- 
ference of  micro-organisms.  Not  infrequently  one  is  filled  with 
disgust  at  the  sight  of  such  eatables  as  cakes,  confectionery  and 
fruit  liberally  fouled  with  fly  specks,  the  significance  of  which  I 
have  already  discussed  in  a  former  chapter.  The  exposing  of  food 
on  the  street,  in  the  dairy  or  cowshed,  and  in  the  shop  should  be 
prohibited,  and  it  is  an  encouraging  sign  to  find  that  sanitary 
authorities  in  many  of  our  towns  and  cities  both  in  Europe  and 
America  are  not  only  passing  bye-laws  to  this  effect  but  are 
enforcing  such  requirements  by  fining  the  oftenders. 


326  preventive  and  remedial  measures 

The  Destruction  of  Adult  Flies. 

Many  means  have  been  devised  whereby  the  adult  flies  may 
bo  destroyed  and,  while  the  prevention  of  their  breeding  constitutes 
the  fundamental  principle  of  their  control,  the  destruction  of  the 
flies  must  naturally  form  a  part  of  any  system  of  eradication. 

The  methods  of  destruction  may  be  divided  into  two  classes : 
trapping  and  poisoning. 

Trapping. 

There  are  on  the  market  and  in  use  a  great  variety  of  fly-traps 
the  majority  of  which  have  proved  successful.  Such  forms  as  the 
glass  fly-traps  baited  with  beer  and  the  balloon  wire  trap  baited 
with  any  attractive  bait  are  well-known.  The  sticky  fly  papers, 
ribbons  and  wires  need  no  description. 


p 
Fig.  101.     The  Minnesota  Fly  Trap.     General  view  and  cross  section. 
(After  photograph  by  Washburn.) 

Parrott  has  devised  a  trap  which  consists  of  a  shallow  tin  box 
having  sides  about  three-quarters  of  an  inch  deep :  it  is  made 
long  enough  to  fit  in  the  bottom  of  the  window  pane.  After 
these  shallow  boxes  have  been  fitted  they  are  filled  about  two- 
thirds  full  of  some  insecticidal  substance  such  as  paraffin  or 
kerosene,  or  an  emulsion  of  the  same,  or  a  sticky  mixture  of  equal 
parts  of  castor  oil  and  resin  made  by  boiling  the  two  constituents 
together. 

The  "  Minnesota  Fly  Trap "  which  has  been  devised  by 
Washburn  (1912)  has  pi'oved  successful  in  the  trapping  of  flies 
in  large  numbers.     On  the  back  porch  of  a  dwelling,  not  far  from 
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a  stable  where  a  few  horses  are  kept,  STOO  flies  were  caught  in 
two  days,  12,000  ni  one  da}^  and  18,000  in  one  and  a  half  days. 
The  trap  is  illustrated  in  fig.  101,  and  the  following  is  a  descrip- 
tion of  its  construction :  It  measures  twenty-four  inches  long, 
twelve  inches  high  and  eight  inches  wide.  The  screen  used  for 
the  large  receptacle  A  and  the  roof-shaped  entrances  C  is  ordinary 
Avire  fly  or  mosquito  screen.  The  upper  portion  A  serves  as  a 
receptacle  for  the  captured  flies;  it  rests  on  a  board  B  which 
carries  two  roof-shaped  entrances  C  open  at  the  top  to  permit  the 
entry  of  the  flies  into  A.  The  middle  board  B  rests  on  a  base 
board  D  from  which  it  is  separated  by  means  of  small  pieces  of 
wood  E  about  half  an  inch  in  thickness  fastened  at  the  corners  as 
shown.  Upon  the  base  board  D  rest  two  tin  bait-pans  P,  separated 
by  about  one-quarter  of  an  inch  from  the  middle  board  B.  The 
trap  may  be  baited  with  any  attractive  substance  such  as  meat 
scraps,  raw  fish  scraps,  bread  and  milk,  etc.  The  captured  flies 
may  be  killed  by  immersing  the  trap  in  hot  water  or  by  pouring 
boiling  water  over  it. 

Hodge  (1911)  has  taken  advantage  of  the  attractive  power 
which  the  garbage  or  refuse  can  has  for  flies  and  has  devised  a 
trap  which  can  be  attached  to  the  lid  of  the  garbage  can  ;  the  lid 
is  so  arranged  that  it  does  not  fit  tightly  on  to  the  can  but  a 
quarter  of  an  inch  space  permits  the  flies  to  enter  and  on  leaving 
they  naturally  fly  upwards  and  enter  the  trap  which  consists  of 
an  ordinary  balloon  wire  fly-trap.  In  such  a  trap  baited  with 
attractive  food  such  as  fish  heads,  etc.,  he  has  caught  as  many  as 
2.500  flies  in  fifty  minutes.  He  has  also  made  another  device 
consisting  of  overlapping  screens  of  wire-gauze  (see  Hodge,  1913) 
which  can  be  fitted  to  the  window  of  the  stable  or  cowshed  and 
catches  the  flies  as  they  leave  the  same. 

Poisoning. 

The  arsenical  fly-papers  or  pads  were  among  the  earliest  fly 
poisons. 

Formalin  or  formaldehyde  has  been  employed  in  recent  years 
with  marked  success  in  most  cases.  Sometimes  complete  failure 
has  been  reported,  but  in  such  cases  I  have  often  found  that  it 
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was  not  correctly  used.  R.  J.  Smith  (1911)  has  demonstrated, 
and  it  has  been  subsequently  confirmed,  that  if  sweet  milk  is 
added  to  the  formalin  it  proves  very  attractive  to  flies  and  the 
mixture  makes  an  excellent  and  fatal  bait.  The  solution  is  made 
as  follows :  one  ounce  or  two  tablespoonfuls  of  forty  per  cent, 
formalin  is  mixed  with  sixteen  ounces,  that  is,  one  pint  of  equal 
parts  of  milk  and  water.  If  this  mixture  is  exposed  in  shallow 
plates  in  the  middle  of  each  of  which  a  piece  of  bread  is  placed 
for  the  flies  to  alight  upon,  the  flies  will  be  attracted  to  the 
solution  and  poisoned.  The  formalin  has  also  the  advantage  of 
being  a  disinfectant.  Houston  (1913)  has  used  the  following 
method  of  application  in  the  jail  kitchen  at  Rajkot,  India,  with 
great  success.  Instead  of  exposing  the  mixture  in  shallow  plates 
it  is  sprinkled  about  the  room  in  tiny  pools  of  one  quarter  to  one 
inch  in  diameter  from  which  pools  the  flies  readily  drink  it.  The 
substitution  of  buttermilk  for  the  ordinary  milk  has  also  been 
suggested. 

Berlese  (1913)  has  for  two  years  carried  out  observations  and 
experiments  on  the  control  of  flies  at  S.  Vincenzo  (Pisa)  by  means 
of  poisoned  baits,  deriving  the  idea  from  his  work  on  the  control 
of  the  olive  fruit-fly  by  means  of  sweetened  arsenical  solutions. 
He  rightly  emphasizes  the  importance  of  destroying  the  flies 
outside  the  houses  and  near  the  breeding  places  where  they  con- 
gregate. He  sprayed  plants  in  the  gardens  and  orchards  near 
dwellings,  and  also  heaps  of  manure  and  other  likely  breeding 
places  with  the  following  mixture  :  10  parts  of  treacle,  2  parts  of 
arsenite  of  potash  or  soda  and  100  parts  of  water.  The  operation 
was  performed  every  ten  days  and  repeated  after  rain,  and  the 
manure  heaps  were  sprayed  when  a  fresh  surface  was  exposed. 
In  1912  he  experimented  with  small  bunches  of  straw  suspended 
for  protection  from  the  weather  under  conical  zinc  covers.  The 
straw  was  dipped  in  the  following  mixture :  honey,  1  part ; 
treacle,  1  part ;  sodium  arsenite,  |  part ;  water,  10  parts.  These 
baits  were  hung  round  the  houses  in  such  places  as  the  porches 
and  verandas.  Berlese  states  that  by  the  use  of  these  methods 
he  succeeded  in  totally  destroying  the  flies  in  each  of  the  two 
years  during  the  period  of  his  residence  in  the  village.  By  the 
perfection  of  this  method,  which  enabled  him  to  enjoy  a  flyless 
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meal,  he  believes  that  it  would  prove  to  be  a  thoroughly  practical 
method  of  dealing  with  the  fl}-  nuisance  in  larger  places. 

The  burning  of  pure  and  fresh  pyrethrum  powder  and  also  the 
dropping  of  twenty  to  thirty  drops  of  carbolic  acid  on  a  hot  iron 
plate  or  shovel  have  been  recommended  as  means  of  ridding 
rooms  of  flies.  As  the  fumes  do  not  always  kill  all  the  flies  but 
only  stupefy  a  certain  proportion,  it  is  important  that  the  tiies 
should  be  swept  up  and  burnt  before  they  have  an  opportunity  to 
recover \ 

'  In  a  paper  on  "Experiments  with  House-fly  Baits  and  Poisons,"  read  by 
A.  W.  Morrill  of  Phoenix,  Arizona,  before  the  Amer.  Ass.  of  Economic  Ento- 
mologists at  Atlanta,  Ga.,  U.S.A.,  on  2nd  Jan.,  1914,  the  author  described  the 
results  of  tests  of  various  chemical  and  fruit  baits.  He  found  that  the  attractive- 
ness of  formalin  varied  from  day  to  day,  that  formalin  with  vinegar,  and  vinegar 
alone,  were  excellent  baits,  and  that  potassium  bichromate,  which  is  sometimes 
recommended,  has  little  value  as  an  insecticide.  The  discussion  on  this  paper 
elicited  various  experiences  among  which  were  :  that  the  formalin  bait  is  more 
successful  if  water  is  absent  from  the  room  and  that  a  mixture  of  sour  milk  and 
foi'malin  sometimes  gives  good  results. 


CHAPTER   XXVII 

ORGANISED  EFFORT  IN  CONTROL  MEASURES 

While  individual  effort  and  example  will  materially  alleviate 

the  fly  nuisance  and  minimize  the  danger,  the  problem  can  only 

be  attacked  by  corporate  and  coordinated  action.     In  the  previous 

chapter  I   have  endeavoured    to    show   that    the    problem   of  fly 

control  is  fundamentally  one  of  good  sanitation.     Where  cities  or 

towns  have  adopted  the  necessary  standards  of  sanitation  which 

the  health  of  the   community  demands,  the   fly  problem   hardly 

exists.     In  support  of  this  fact  I  will  quote  one  of  many  examples 

which  might  be  given,  namely,  the  report  of  G.  N.  Ifft,  United 

States  Consul  at  Nuremburg,  Germany.     He  states^ :  "  There  are 

so  few  flies  in  Bavaria  that  they  can  in  no  way  be  regarded  as  a 

pest.     This  is  perhaps  due  to  the  extreme  cleanliness  of  Bavarian 

cities.     Courtyards,  alleys,  vacant  lots,  &c.,  are  kept  clean  and  the 

hallways  and  entrances  to  houses  are  as  fresh  as  soap  and  water 

can    make    them.     There    are    no  quarters  that  could  be   justly 

designated  as  slums,  not  even  in  districts  where  buildings  hundreds 

of  years  old  are  the  rule.     Garbage  is  collected  in  closed  tin  or 

zinc  cans  and  regularly   removed  in  closed   waggons  in  such    a 

manner  as  to  be  inoffensive  to  either  sight  or  smell."     Of  how 

many  cities  in  other  parts  of  the  world  could  the  same  be  said  ? 

Nevertheless,  the  last  few  years  have  witnessed  an  honest  effort 

in  the  right  direction  on  the  part  of  local  authorities,  in  spite  of 

opposition  from  those  who  are  interested  in  maintaining  stables  in 

thickly  populated  sections  of  cities  and  towns.     It  is  a  singular 

fact  that  prominent  among  such  opponents  to  reforms  relating  to 

'  Daily  Conaular  and  Trade  Reports,  Bur.  of  Manufactures,  U.S.  T)ept.  Commerce 
and  Labour,  Washington.     12th  March,  1912.     15th  year,  No.  60,  p.  1031. 
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HOW    TO    DEAL    WITH    THE 

FLY    NUISANCE. 

House  flies  are  now  recognized  as  MOST  SERIOUS  CARRIERS  OF  THE 
GERMS  OF  CERTAIN  DISEASES  such  as  typhoid  fever,  tuberculosis,  infantile 
diarrhcea,  etc. 

They  infect  themselves  in  filth  and  decaying;  substances,  and  by  carrying  the 
germs  on  their  legs  and  bodies  they  pollute  food,  especially  milk,  with  the  germs 
of  these  and  other  diseases  and  of  decay. 

NO    FLY    IS    FREE    FROM    GERMS. 

THE  BEST  WETHOP  IS  TO  PREVENT  THEIR  BREEDING. 

House  Hies  breed  in  decaying  or  decomposing  vegetable  and  animal  matter  and 
excrement.  THEY  BREED  CHIEFLY  IN  STABLE  REFUSE.  In  cities  this 
should  be  stored  m  dark  fly-proof  chambers  or  receptacles,  and  :t  should  be 
REGULARLY  REMOVED  WITHIN  SIX  DAYS  in  the  summer.  Farm-yard 
manure  should  be  regularly  removed  within  the  same  time  and  either  spread  on  the 
fields  or  stored  at  a  distance  of  nut  less  than  a  quarter  of  a  mile,  the  further  the 
better,  from  a  house  or  dwelling. 

House  files  breed  in  such  decaying  and  fermenting  matter  as  kitchen  refuse  and 
garbage.     Garbage  receptacles  shoulcTbe  kept  tightly  covered. 

ALL  SUCH  KfcFUSE  SHOULD  BE  BURNT  OR  BURIED  within  a  few  davs 
BUT  AT  ONCE  IF  POSSIBLE.  NO  REFUSE  SHOULD  BE  LEFT  EXPOSED 
II  it  cannot  be  disposed  of  at  once  it  should  be  sprinkled  with  chloride  of  lime. 

FLIES  IN  HOUSES. 

Windows  and  doors  should  be  properly  screened,  especially  those  of  the  dining 
room  and  kitchen.  Milk  and  other  food  should  be  screened  in  the  summer  by 
covering  it  with  muslin  ;  fruit  should  be  covered  also. 

Where  they  are  used,  especially  in  public  places  as  "hotels,  etc.,  spittoons  should 
be  kept  clean,  as  there  is  very  great  danger  of  fiies  carrying  the  germs  of  consump- 
tion from  unclean  spittoons. 

Flies  should  not  be  allowed  to  have  access  to  the  sick  room,  especially  in  the 
case  of  infectious  disease. 

The  faces  of  babies  should  be  carefully  screened  with  muslin. 

TO  KILL  FLIES  IN  HOUSES. 

Mix  two  tablespoonfuls  (one  ounce)  of  40  per  cent.  Formalin,  (a  solution  which 
may  be  obtained  from  any  drug  store  at  about  40  cents  per  pound  bottle)  (20  ounce) 
with  one  pint  (si.xteen  ounces)  of  equal  parts  of  milk  and  water.  This  mixture 
should  be  exposed  in  shallow  plates,  and  a  piece  of  bread  placed  in  the  middle  of 
each  plate  will  enable  the  flies  to  alight  and  feed.  All  dead  flies  should  be  swept 
up  and  burnt  The  burnmg  of  pyrethrum  in  a  room,  preferably  at  night,  is  som.e- 
times  effective  ;  the  flies  should  be  Swept  up  and  burnt,  as  many  are  only'stupefied 
by  this  substance. 

HOUSE  FLIES  INDICATE  THE  PRESENCE  OF  FILTH  IN  THE 

NEIGHBOURHOOD  OR  INSANITARY  CONDITIONS. 

Copies  of  this  circular,  printed  on  paper  or  card,  may  be  had  on  application 
to  the 

Dominion  Entomologist,  Central  Experimental  Farm,  Ottawa. 
Department  of  Agriculture.  Canada. 

(Published  by  direction  of  the  Hon.  Martin  Burrell,  Minister  of  Aericulture  ) 

IReTlMd  cdltian.  in)  April.  1912.) 

Fig.  102.     Eeproduction  of  card  prepared  by  the  author  and  widely  distributed  [by 
the  Canadian  Department  of  Agi-iculture.     (Actual  size  12  in.  x  Sh  in.) 
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the  control  of  the  fly  pest  should  be  the  vendors  of  bread,  milk 
and  other  articles  of  food.  Yet  such  has  been  the  case  in  my 
experience.  Their  voices,  however,  are  becoming  less  powerful  in 
the  council  chambers  where  the  stigma  of  insanitary  conditions 
has  so  long  been  disregarded,  and  the  increasing  number  of  con- 
victions for  maintaining  nuisances  and  exposing  milk  and  food 
supplies  to  the  attentions  of  flies  and  the  dust  of  the  street  are 
evidences  of  an  awakening  of  the  public  conscience  to  its  duty. 

While  individuals  or  small  numbers  of  people  acting  in  co- 
operation are  seriously  handicapped  if  they  cannot  look  to  the 
local  health  authorities  for  assistance,  the  converse  is  equally  true,' 
for  without  the  sympathy  and  the  support  of  the  people  whom 
they  serve  the  health  authorities  cannot  succeed  in  their  en- 
deavours to  ameliorate  the  sanitary  conditions  of  the  people. 
The  zealous  efforts  of  both  individuals  and  of  those  in  authority 
are  essential  to  success. 

It  cannot  be  denied,  however,  in  the  light  of  what  we  now 
know  in  regard  to  the  habits  of  the  house-fly  and  the  effect  of  its 
presence  in  numbers  on  the  health  of  the  community,  that  health 
authorities  should  not  only  enact  the  necessary  bye-laws  that  will 
enable  them  to  deal  satisfactorily  with  the  breeding  j^laces  of  the 
house-fly  such  as  stable  refuse,  insanitaiy  privies,  collections  of 
organic  refuse  and  the  protection  of  food  supplies,  but  that  they 
should  enforce  the  same.  There  are  signs  that  the  time  is  slowly 
approaching  when  one's  senses  will  cease  to  be  so  distracted  with 
the  reiterated  statement  that  the  nation's  greatest  asset  is  the 
health  of  the  people  ringing  in  one's  ears  while  filthy  fly  breeding 
spots  meet  one's  gaze  and  foul  odours  greet  one's  sense  of  smell. 
The  conscientious  health  officer  is  becoming  more  powerful  than 
the  vote-seeking  "  representative  of  the  people." 

Educational  work  is  the  most  potent  factor  in  dealing  with 
this  question.  This  should  begin  in  the  schools.  It  is  unnecessary 
to  change  the  curriculum  but  it  is  necessary  that  the  teachers 
should  know  the  facts  and  know  them  correctly.  The  lessons  can 
be  given  as  nature  study  or  hygiene  or  both,  and  experience  has 
shown  that  children  not  only  quickly  appreciate  the  significance 
of  the  fly  but  are  singularly  active  in  making  practical  use  of 
their  knowledge.     Such  an  organisation  as  the  Boy  Scouts  can  be 


MUSEUM    MODEL   OF    FLY 


333 


Fig.  103.     Photograph  of  eiUarged  model  of  the  House-tly,  Mu^ca  domestica,  in  the 
American  Museum  of  Natural  History,  New  York. 

(Reproduced  by  kind  permission  of  the  Museum  authorities.) 
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made  a  powerful  adjunct  to  an  anti-fly  campaign,  as  I  have  found 
in  Canada  and  as  others  have  found  elsewhere.     They  can  assist 
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the  sanitary  authorities  in  locating  the  breeding  grounds  and  in 
their  own  districts  they  can  abolish  the  same. 

Not  less  important  is  the  work  that  can  be  accomplished  by 
women's  organisations.    Thf  women  of  the  community  suffer  most 
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from  the  fly  pest.  It  is  women  who  have  to  wage  a  constant  war 
to  protect  the  food  in  the  home  and  the  infiints  in  the  cradles. 
Women's  organisations  can  do  much  to  secure  the  adoption  of 
anti-fly  and  sanitary  measures  and  in  many  places  they  are 
succeeding  in  making  the  community  more  healthy.  The  boy- 
cotting of  shopkeepers  who  do  not  protect  the  food  they  sell  or  of 
milk  vendors  whose  premises  are  breeding  grounds  for  flies  is  a 
cogent  method  of  securing  reform. 

Citizens'  organisations  should  begin  campaigns  for  clean  cities. 
Such  organisations  are  able  to  render  invaluable  service  to  the 
health  officers  by  cooperating  with  them  in  the  locating  and  sup- 
pression of  the  breeding  grounds.  By  lectures,  by  the  distribution 
of  circulars  such  as  the  one  illustrated  herewith  (fig.  102)  which 
I  prepared  four  years  ago,  and  of  other  literature,  much  good 
can  be  done.  The  press  has  shown  its  willingness  to  assist,  and 
the  aid  of  local  newspapers  should  be  enlisted.  An  excellent  and 
educative  cinematograph  film  illustrating  the  life-history  of  the 
house-fly  and  its  method  of  spreading  disease  has  been  prepared 
and  in  my  own  experience  has  accomplished  splendid  work. 

The  statement  cannot  be  too  often  repeated  that  flies  and  filth 
are  synonymous  terms.  In  a  clean  and  sanitary  community  flies 
will  be  unable  to  exist  in  dangerous  numbers  and  their  absence 
may  be  taken  as  a  measure  of  cleanliness.  The  time  is  coming 
when  men  will  realise  that  it  is  easier  to  prevent  disease  than  to 
cure  it  and  less  costly  in  terms  of  human  lives. 
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habits  and  life-history,  214 
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life-history,  202,  203,  204,  205 
myiasis,  relation  to,  302,  304 
vomitoria,   115,  162,  202,    245,    266, 
273,  282 
Carabidae,   170 
Centipedes,  158 
Cephalic  ganglion,  29 
Cephalopharyngeal  skeleton : 
first  instar,  102 
second  instar,  103 
mature  larva,  116,  134 
Cephalopharyngeal  muscles,  122 
Cercomonas  muscae-domesticae ,   173 
Cercopithecus  callitrichus,  190 
Cerebral  lobes,  of  larva,  128,  129 
Chalcidoid  parasites,  167 
Cheese  Maggot  Fly;  see  Piophila 
Chelifers ;  see  Cherries 
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Chernes  nodosum,  151 
Chironomus,   116 
Chloride  of  lime  ;  .fee  Lime 
Cholera.  272 

bacteriological  evidence,  273 

V.  cholerae,  299* 
Chyle  stomach  of  dy ;  see  Ventriculus 

of  larva;  see  Mesenteron 
Circular,  331 

Vlddosporium  herhnrum,  288,   289 
Clavicle,  19 

Cluster  P'ly ;  see  Pullenin 
Clypeus,  10,  11 
Colour  preference,  83 
Comma  bacillus,  273 
Conjunctivitis ;  see  Ophthalmia 
Copulation,  98 
Costa,  21,  22 
Coxa,  26 
Crithidia  gerridis,  179 

mnsrae-domesticae,  178,   179 
Crop,  36 

function  of,  77 
Cynipidae,  169 

Danysz  virus,  294 
Dentate  sclerite,  134 
Dermestid,  170 

Description  of  M.  domestica,  5,  6,  7 
Desiccation,  influence  on  larva.  111 
Destruction  of  larvae ;  see  Prevention  of 
Breediiij; 

of  adult  flies,  326 
Development,  duration  of,   108 

factors  governing,  110 
Diarrhoea,  summer  or  infantile,  252 

criticism  of  hypothesis,  259 

causal  organisms  of,  261 

experiment  on  suppression,  264 
Dihothriocephalus  lattts,  309,  316 
Digestion  of  food,  rate  of,  78,  81 
Dinychella  asperata,  157 
Diphtheria,  279 

DipijUdium  caniiium,  310,  312,  314,  316 
Discal  sclei'ites,   17 
Disease,  dissemination  of  organisms  of, 

218 
Distribution,  7,  8 

local,  65 
Dysentery,  284 

Earwigs,  171 

Educational  work,  322 

Eggs,  influence  of  light  on,  101 

number,  100 

structure,  101 
Ejaculatory  duct  of  male,  C2,  57 

sac  of  male,  53 

apodeme,  53 
Emergence  from  pupa,   108 
Einpnsa  americana,   1G2 


Eiiipusa  muscae,  160 

development,  162 

practical  value,  165 
sphaero-sperma,  161 
Entamoeba  coli,  300 
Enteric  fever;  see  Typhoid 
Kntomopltthora  caUiphora,   164,  165 
Epicranium,   10 
Epischnia  cunellii,  189 
Eristalis  tenax,  273,  302 
Eurotiuii),  290,  295 
External  structure  of  flv,  9 
Eyes,  10,  32 
Eye,  myiasis  of  human,   307 

infection  of  human  ;  see  Ophthalmia 

Facialia,  10 

Facio-peristomial  sclerites,   10 

Faecal  spots,  82,  222 

Faeces,  infection   from  larvae   bred   in 

human,  224,  225,  226,  227 
Fannia,  177 

cainailaris,   11,    48,   157,    177,   186, 
195,  196,   210,   213,  245,  266 
breeding  habits,   189 
comparative  abundance,   65,   66, 

67,  187 
larva,   190 

myiasis,    relation    to,    301,    302, 
303,  314 
scalaris,^  186,   213 
habits  of,   193 
larva,  195 

myiasis,  relation  to,  301,  302,  303 
Fat-body  of  fly,  47 

larva,  145 
Feeding  habits,  74,  311 
Femur,  26 

Fermentation,  effects  of,  87,  112 
Fifjites,  169,  170 

anthomylarum,  170 
scittellarius,   170 
striolatus,   170 
Filnria  hancrofti,   185 

mvscae  ;  see  Hahronema 
stomoxeos,  181 
Flagellum,   11 

Flight  of  flies,  range  of,  67 
Food,  influence  on  larvae.   111 
Formaldehyde  as  poison,  327,  328,  329 
Fraiiihoesia  tropica,  280 
Frons,  10 
Frontalia,  11 
Frontal  stripe,  10,  11 
Fronto-orbital  bristles,   11 
Fulcrum,  17 

detractor  muscles  of,  59 
Fungal  spores,  flies  carrying,  288,  289, 

290,  295 
Furca,  14 
Fusarium  roseum,  289,  290 
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Gamasid  mites,  loB,  157,  210 
Ganglion  of  larva,   127 
Garbage,  species  of  flies  breeding  in,  93 
Genae,  10 

Generations,  number  of,  113 
Gerris  fossarum,  179 
Glossina,  5,  34 
Gonapophyses  of  male,  53 
Gonococci,  27<'),  278 
Gonorrhoeal  disease,  277 
Gulo-mental  plate,  10 
Gustatory  papillae,  17,  62 
bristles,  61 

Hahronema  microstoma,  180 

muscae,  181 

life-history,  184 
occurrence,  183 
Haematohia  serrata,  169 

stimulans,  266 
Halteres,  25 
Hatching  of  larva,  101 
Haustellum,   12,  14 

muscles  of,  59,  60 
Head  capsule,  9 

internal  structui'e  of,  58 
Heart  of  fly,  47 

of  larva,   148 
Herpetomonas  jaculuni,  174 

lygaei,   174 

muscae- dome  sticae,   173 
Hibernation  of  flies,  84 

pupae,  107 
Histogenesis,  106 
Homalomi/ia;  see  Faniiia 
Humeri,  20 
Hymenolepis   dimimita,   310,    313,    315, 

316 
Hypoderma  bovis,  307 
Hypopharynx,   14 
Hypostomal  sclerite,   135 

Imaginal  discs,  145 

cephalic,   147 

thoracic,  148 
Infantile  paralysis ;  see  Poliomyelitis 
Infected  larvae,  infection  from,  224,  225, 

226,  227,  228 
Infection,  natural,  of  flies,  288,   296 
Insecticides  for  larvae,  319,  320 

adult  flies,  327 
Interclavicle,   18 
Intestinal    worms,   spread   of,    by  flies, 

308 
Intestine  of  fly,  38 

larva,  139 
Iron  sulphate,  as  insecticide,  322 

Jowl,  10 
Jugulares,  19 
Jugum,  9 


Kainit,  as  insecticide,  322 
Kala-azar,  17h,  287 
Kerosene,  as  insecticide,  319,  321 
Koch-Weeks  bacillus,   276 

Labial  nerves,  31 
Labium,  14 
Labium-hypopharynx,  14,   15 

muscles  of,  60 
Labrum-epipharyiix,  14 

muscles  of,  60,  61 
Lamblia  duodenalis,   300 
Laphria  canis,  171 
Larva,  102 

first  stage,  102 

second  stage,    103 

mature,  103 

external  features,  114 
muscular  system,  120 
nervous  system,  127 
Latrine  Qy ;  see  Fannia  scalaris 
Legs,  26 

Leishmania  tropica,  286 
Leprosy,  282 
Leptomonas  tmiscae-domesticae ,  177.  179, 

180 
Light,  influence  on  flies,  83 

larvae,   105 
Lime,  as  insecticide,  319,  321 

chloride  of,   319,  320,  321,  322 
Locomotion  of  larvae,   127 
Locomotory  pads  of  larva,   118 
Longevity,  86 
Lucilia,  93,  302,  304 

caesar,  162,  204,  266,  282 

iwbilis,  205 
Lunule,  11 
Lyperosia  irritans,  266 

Macrocheles  muscae,  157 
Macrosporium,  289 
Malpighian  tubes  of  flv,  40 

larva,  138,  139 
Mandibular  sclerite,  134 
Mantis,  171 
Manure,  disposal  of,  318,  319 

loss  in  storage,  323 
Marking  flies,  68,  69,  71 
Maxillae,  12 

Melanostomum  scalare,  161 
Melophagus  ovinns,  127 
Mesenteron  of  larva,  138 
Mesosternum,    22 
Mesothorax.   20 
Metafurca,   22 
Metasternum,  22 
Metathorax,  22 
Micrococcus  pyogenes  aureus,  289,  290 

ureae,  289,  290 
Migratory  habit  of  larvae.  107,  308 
Milk,  infection  of,  by  flies,  242,  293,  297 
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Mites,  154 

Moniezin  expansa,  310 

Moth  flies ;  see  Psijchoda 

Mouth  of  fly  ;  see  Oral  aperture 

larva,  133 
Miicor  racemosa,  290,  295 
Mxisca  domestica,  sub.  sp.  determinata, 
211 

enteniata,  212 

nebula,  287 

retustiifsiiiKi,  212,  213 
3Iuscidifura.v,    167 

raptor,  1()8 
Muscina  stabulam,   157,   158,  190,  207 

destroying  M.  domestica,  171,  172 

habits  and  life-history,  208 

myiasis,  relation  to,  305 
Muscular  system  of  fly,  28 

larva,   120 
Museum  models,  333,  334 
Myiasis,  301 

mode  of  infection,  306 
Myrmica  levinodis,  64 

Nasiinia,   167 

hrevicornis,  167,  168 
Necator  aviericanus,   309,  310,  316 
Nematode  parasite,  181 
Nervous  system  of  fly,  29 
visceral,  37 
larva,  127 

visceral,  131 
Neuroblast ;  see  Ganglion 
Nuisances  and  flies,  241,  242 
Numbers  in  breeding  places;  see  Abun- 
dance 
Nymph,   105 

Occipital  foramen,  9 

ring,  9,  10 
Ocellar  nerve,  31 

triangle,   10 
Ocelli,   10 
Oesophagus  of  fly,  36 

larva,  136 
Olfactory  pits,  11 
Ophthalmia,  275 

in  children,  275 
Oral  aperture  of  fly,  17 

lobes  of  fly,  external  structure  of,  15 
internal  structure  of,  61 

larva,  116 
Organised  control  measures,  330 
Oriental  Sore,  285 
Oscitiis  palUpes,  282 
Ottawa  flight  experiments,  71 
Ovaries,  48 
Oviducts,  48 
Oviposition,  99 
Ovipositor,  50 
Oxi/iiris  I'ermicularis,  310,  316 


Pachijerepoideus  dubius,   168 
Paraffin  oil ;  see  Kerosene 
Parapteron,  21,  22 
Parasitic  insects,  167 

protozoa,  173 
PenicilHum  clancnm,  288,  289,  290,  295 
Penis,  53,  55,  56 
Pericardium  of  flj',  48 

larva,  144 
Peridromia  saucia,  208 
Petroleum,  as  insecticide,  321 
Phalacrocera,   136 
Pharyngeal   nerve,   31 

pump  of  fly,  77 

sclerites,  135 
Pharynx  of  fly,  36 

dilator  muscles  of,  58 

larva,  126,  136 
muscles  of,  124 
Phlebotomns,  216 
Pifjmeophorus,  156 
Pi'ophila  casei,  216,  302,  305 
Plague,  278 

Poisoned  baits,  328,  329 
Poisoning  flies,  327,  328 
Poliomyelitis,   198,   293 
Pollenia  rudis,  206,  207 
Postscutellum,  20 
Postwick  experiments  on  flight,  68 
Predaceous  insects,  170 
Preoviposition  period ;   see  Sexual  ma- 
turity 
Prescutum,  20 
Prevention  of  breeding,  317 
Preventive  measures,  317 
Privy,  danger  of,  323 
Proboscis,  inflation  of,  63 

musculature  of,  58 

skeleton  of,  12 
Procerebrum,  31 
Prosternum,  18 
Protection  of  infants  and  sick,  325 

food,  325 
Prothorax,  18 
ProtocaUiphora  groenlandica ,  205,  206 

azurea,  205 
Protozoa,  intestinal,  carried  by  flies,  300 
Proventriculus  of  fly,  36 

larva,  137 
Pseudocephalon,  116 
Pseudoscorpionidea  :  see  Cher)ies 
Pseudotracheae,   15,  16,  61 

interbitid  spaces  of,  16 
Pmjchoda  spp.,   216 

albimacuUita,  216 

pinictata,   145 
Ptilinum,  11,   108 
Pul villi,  26 
Pupa,   105 
Pupation,  105,   107 

depth  of,  108 
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PycnoHovia  cliloropyga,  237 
Pyrethrum,  329 

Babies,  295 
Rectal  valve,  38 

glands,  39,  41 
Rectum  of  fly,  39 

larva,  140 
Refuse  heaps  and  flies,  241,  324 
Regeneration  of  lo-t  parts,  86 
Regurgitating  habit,  78,  80 
Reproductive  system  of  female,  48 

male,  52 
Respiratory  system  of  fly,  41 

larva,  140 
Robber  Flies ;  see  Asilidae 
Root  Maggot  Fly:  nee  Anthomyia  radi- 

cum 
Rostrum,  12 

Saccharomyces,  288,  290 
Salivary  glands  of  fly,  lingual,  29 
labial,  63 
larva,   139,   150 

ducts  of  larva,  135,  139 
Salticus  scenicus,  159 
Sarcina  lutea,  289,  290 

veutriculi,  290 
Sarcophaya  carnaria,  216,  302,   304 
Scape,  11 
Scatophaga,   111 
Scenopinus,  217 
Schistosomum  haematobium,  310 

japonicum,   310 
Sciara,   165 

Sclerostoiitiiiii  equinum,  310,  316 
Scutellum,  20 
Scutigera  coleoptera,  158 

forceps,  158 

smitliii,   158 
Scutum,  20 

Seasonal  prevalence,  67 
Sensory  organs  of  larva,  132 
Sexes,  distinction,  11 

proportion  of,  48,  98 
Sexual  maturity,   112 
Sheep  maggot ;  see  Lucilia  caesar 
Simulium,  116 
Small-pox,  279 

Sodium  arsenite,  as  insecticide,  328,  328 
Spahmyia,  167 

muscidarum,   168,  169 
Solenopsis  geminata,   170 
Spermathecae,   49 
Spiders,   159 

Spiracles  of  fly,  abdominal,  27,  47 
thoracic,  20,  21,  41,  46 

larva,  140 

pupa,  105 
Spirochaeta  pertenuis,  281 
Stable  Fly ;  see  Stomoxys  calcitrans 


Staphylinidae,   170 
Stapliylococcus,  290,  291,  298 
St<iiiM.vi/!<  calcitrans,  5,  11,  34,  80,  107, 
168,  169,  181,  245,  266,  286,  294 

comparative  abundance,  65,  66,  197 

life-history  and  habits,  199 

pharyngeal  pump,  77 

relation  to  disease,  201 
StTdtiomys,  116 
Streptococci,  201,  246,  298 
Suboesopbageal  ganglia,   31 
Summer  diarrhoea  ;  sec  Diarrhoea 
Supraoesopbageal  ganglia,  29 
Surra,  294 
Syphilis,  287 

Sympathetic  nervous  system  of  fly,  37 
Syrphids,  Empma  on,   161 

Taenia   marginata,  310,  312,  314,  316 

serrata,  310,  312,  314,  315,  316 

solium,  309,  316 
Tapeworms,  flies  feeding  on,  311 

eggs,  ingestion  of,   75,  308 
Tarsus,   26 
Temperature,  influence  on  eggs,   101 

flies,  83,  260 

larvae,  97,   110 
Testes,  52 
Theca,  14 
Thereva,  302 
Thoi-acic  ganglion,  32 

nerves,  33 
Thorax,  18 
Tibia,  26 
Toxascuris  limbata,  310,  312,  313,  315, 

316 
Tracheal  sacs,  of  abdomen,  42 
head,  44 
thorax,  42 

system  ;  see  Respiratory  system 

trunks,  of  larva,  140,   142 
Trajj,  Minnesota  Fiv,  326 
Trapping  flies,  326,"^  327 
Trichocephalm,  309 
Tricholoma,  182 
Trichomonas  intestinalis,  300 
Trichuris  trichiuris,  310,  313,  316 
Trochanter,  26 
Tromhidium  muscae,  156,  158 

parasiticiuii,  154,  155,   156 
Trox  suberosus,  170 
Trypanosoma  hippicum,  294 
Tuberculosis,  269 

experimental  evidence,  270 
Typhoid  "carriers,"  229,  230,  231 
Typhoid  fever,  carriage  by  flies,  229 

in  cities  and  towns,  232,  239,  240, 
241,  242,   243,   244 

in   military  camps,    232,    233,    234, 
235,  237,  238 

in  military  stations,  238,  239 
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Typhoid   fever   in   South  African  War, 
236,  237 
in  Spanish  American  War,  232,  234, 

235 
bacteriological  evidence,  244 
Tyroglyphus,   126 

Ungues,  26 

Vagina,  49 

Vascular  system  of  fly,  47 

larva,  143 
Vas  deferens,  52 
Ventriculus  of  lly,  37 

larva ;  see  Mesenteron 
Vertebrate  enemies,  172 


Vertex,  10 

Vesiculae  semiuales;  see  Spermathecae 

Vespa  sp.,   171 

Volucella,  149 

Vomit  spots,  80,  222 

Wasps,  171 

Wild   flies,   infection  of ;   see  Infection 

of  flies 
Wings,  23 
Winter,  flies  breeding  in  ;  see  Breeding 

season 

Xylina,  189 
Yaws,   280 
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ment Board.     Demy  8vo.     With  55  text-figures.     12s.  6d.  net. 

"Eminently  practical  in  character,  it  is  at  the  same  time  complete  in  its 
information,  so  that  the  medical  officer  may  rely  with  contideuce  on  finding 
accurate  and  impartial  facts  on  matters  connected  with  the  isolation  of  infectious 
cases. ...The  volume  should  appeal  very  strongly  to  all  medical  officers  of  health, 
tuberculosis  officers,  and  sanitary  authorities,  to  whom  it  can  be  recommended  with 
all  heartiness." — Aberdeen  Free  Press 

The  Bacteriological  Examination  of  Food  and  Water. 

By  William  G.  sjavage,  B.Sc,  M.D.,  D.P.H.,  County  Medical  Officer 
of  Health,  Somerset.     Demy  8vo.     With  16  illustrations.     7s.  6d.  net. 

"A  hearty  welcome  will  be  accorded  this  compact  guide,  not  only  because  it  is 
eminently  practical  in  its  methods  and  directions,  but  also  because  it  has  been 
written  by  a  man  who  has  been  accustomed  to  do  the  work  himself  and  to  depend 

upon  it  as  a  basis  for  administrative  action To  all  engaged  in  the  administration 

of  the  public  health... the  book  may  be  cordially  commended." — Birmingham  Daily 
Post 

The  Chemical  Examination  of  Water,  Sewage,  Foods 

and  other  substances.  By  J.  E.  Purvis,  M.A.,  and  T.  K.  Hodgson,. 
M.A.     Demy  8vo.     9s.  net. 

A  yr aspect  as  of  the  series,  giving  a  List  of  volumes  in 
preparation,  ivili  be  sent  on  application. 
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